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ERRATA 


Page 12, line 13, read (1, p. 33, 37) for (1, p. 60) ; line 31, insirt iimler 
^'Gnltnral Cliaraeters’l All tlie beef media used was nnnle with Imf in- 
fusion as a base, niiless otherwise Kstatecl. 

Page 21, delete reference. 1 and read. Rapp, C. W. Bacterial blight of 
beans. Okla. Agr. .Exp. Sta. Bnl. 131: 2-~39. 1920, 

Page 178, line 5 from bottom, read alsike clover for wliite clover. 

Page 341, line 7 from bottom, read peritheeia for piritliixha. 

Page 385, line 2, read unsterilized for sterilized. 

Page 423, footnote 2, line 2, read 1925 for 1924. 

Page 518, legend for Pig. 2, line 2, read, x 1000 /or x 800. 

Page 657, line 33, read teratological for teretological. 

Cover of October number, read Albert S. Muller for Albert S. Miller. 

■ Page 891, Table 1, column 3, read Cavangerie for Kavaiigerie. 

Page 990, line 1, read it caused for is caused. 
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seed corn maggot, relation to potato 
blackleg, 68; seed treatment, K2-83; 
smut, 84; sweet, seed treatment, 65; 
IJstilago zeae oiu 979 

Corona 640-S, for control of to>vered siniit 
of barley, 350; for control of w'lt smuts, 
350-351; dust, for eontro! of wheat bunt, 
349 

Corrosive sublimate am! time of treatment 
in relation to yield and cfcmtrol of Rtiiz- 
octonia, 755 

Cotton, angular leaf spot, 246; Aspergillua 
boll rot, 75; sore-shin, 761; wilt studies, 
76 

Cottony leak of eggplant fruit caiiHe<i by 
Pythium aphanidermatum, 47-50 

Craigie, J. IL, see Bailey, 1). L. 

Cvan]>erry false blossom, distribution !sf, 
223-224; conditions on Ibicitic coast, 
226; situation in Wisconsin, 225; varie- 
tal resistance, 227 

Cross-inoculated mosaic plants, pr(»|»erfies 
of infective principles in, 445 

Crowngall, a begonia immune from, 491; 
on apple grafts, 78; effect on vimng 
apple and peach trees, 79; isolation of 
causal organism, 577; longevity of 
causal organism in soil, 79; studies of 
on apple nursery stock, 765-809 
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Crown, rot of carrots caused by Rhizocto- 
nia, 367-368 j wart of alfalfa in the 
South, 1012 

Cryptomcria ;japoniea, host for Phomopsis 
;jiini])erovora, 000 

Cucuni])er, inhibiting tobacco mosaic virus, 
67-08; mosaic-, of, 431 
CuxxiXGiiAM, G. H., Fungous diseases of 
fruit ti-ees in New Zealand and their 
remedial treatment, review of, 489 
(hirly-top, disease of sugar beets, cytology 
of root-tips of, 761; of sugar beets, re- 
sistance to, 87-88 

(hipressus sp}>., hosts for Phomopsis junip- 
erovora, 900 

Cylindrocarpon angiistum Wollenweber, 
n. sp., 627 

Cylin<lr()car})on, species on Pyrus, 627 
Cytology of root-tips from sugar beets 

liaving the curly-top disease, 761 

Datura, stramonium, inoculations with to- 
bacco mosaic, 145 

Dearxess, J., Some fungous foes of the 
flower garden, 756 
Decays, fruit, avocado, 762 
deBruyn, HEi^iENA L. G., Overwintering of 
Phytophthora infestans (Mont.) de By., 
121-140 

Degeiieration disease, of strawberry, 423- 
426 * . 

Demarek, J. B., Little leaf disease of 

pecans, 277-283; pecan scab fungus, 642 
Device for increasing the capacity of moist 
chambers, 309-310 

Dic’Khox, B. T„ The 'Mdach dot’^ disease 
of potato, 23-40 

Dk'ksox, Jaaies G., see Johann, Helen; 
and James K. Holbert, The influence of 
temperature upon the metabolism and ex- 
pression of disease resistance in selfed 
lines of corn, 82 

Dib:tjs, S. M., Alternate hosts of Puccinia 
eoronata II, 84; the etfect of alternate 
hosts on physiologic forms, 83-84 
Diplodia, dry rot fungus, 245; natalensis, 
causing rot of avocado, 80 ; zeae, as 
affected by corn seed treatment, 82-83 ; 
zeae, facultative parasitism, 70; zeae, 
infection phenomena, 70 


Disease, conference on cereal, 1925, 237 ; 

spindle tuber in potatoes, 233 
Diseases, bacterial of avocado, lilac, and 
citrus in Oalifornia, 235;' bacterial, 
similarity of on avocado, lilac and citrus, 
235; new and unusual, of tobacco, 758 
Disinfection of seed for corn diseases, 
82-83 

Doxjnin, M., The fusariosis of cereal crops 
in European Russia in 1923, 305-308 
Drayton, E. L., Dry rot disease of gladi- 
oli, 757 

Drechsler, Charles, Foot-rot of Lilium 
eandidum and Lilium pyrenaicum caused 
by Phytophthora cactorum, 51-53; the 
cottony leak of eggplant fruit caused by 
Pythium aphanidermatum, 47-50 
Dry rot, of gladiolus, 509, 757 
Dunegan, j. 0., see Egberts, J. W. 

Dupont, No. 9, dust, for control of wheat 
bunt, 349; No. 12, clnst, for control of 
wheat bunt, 349; No. 13, dust, for con- 
trol of wheat bunt, 349; No. 16, dust, 
for control of wheat bunt, 849 ; No. 18, 
dust, for control of wheat bunt, 349 ; 
No. 19-B, dust, for control of wheat 
bunt, 349; No. 30, dust, for control of 
wheat bunt, 349 

Durrell, L. W., and E. A. Lungren, Ber- 
beris fendleri, an alternate host of Puc- 
cinia graminis tritici, 234-235 
Dust, sulfur, effect on black stem rust of 
wheat, 64-65; sulphur, as a control for 
wheat rusts, 64; treatments, for control 
of stripe disease of barley, 572 
Dusting, for cereal rusts, 64 
Dutch investigations, 310 

Edson, H. a., Work of Office of Cotton, 
Truck and Forage Crop Disease Investi- 
gations, 641 

Eggplant, cottony leak of fruit caused by 
Pythium aphanidermatum, 47-50 
Elaeagnus, angustifolia, susceptible to 
Puccinia eoronata II, 84 
:filements de Pathologie Yeg^tale, appliqu^e 
a DAgronomie et a la Sylviculture, by 
E. Marghal, review pf, 59-61 
Elm, Yertieillium wilt of seedlings, 611 
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Elmee, 0. H.j Inhibition of mosaic infec- 
tion, 67‘-68 

Elymus innovatus, host of Ophiobolus eari- 
ceti, 80-81 

Empoasca flavescens, injury to apple 
leaves, 76; mali, injury to apple leaves, 
76 

Endothia, parasitica, 615 
Environment, influence of, on potato mosaic 
symptoms, 581 

Epidemiology of fire blight, 665-696 
‘ ^ Epipliytotic, ’ ’ etc., authority for, 753- 
754 

Erwtn", a. T., see Eeddy, C. S.; see Van 
Haltern, Prank 

Erysiphe, cichoraeearum on cucurbits, 
1009; graminis tritiei, resistance of 
wheat varieties to, 90 
Eutettix tenella, carrier of beet curly top, 
87-88 

Evans, W. G., see Howitt, J. E. 
Exobasidium, caucasicum Woronich. in 
Transcaucasia and Kamchatka, 293-297 ; 
spp., 293, 295, 296; oxycoeci, on Yae- 
einium oxy coccus, 224 

Factors affecting the properties of a virus, 
753 

False blossom, cranberry, 223 
Paris, James A., Cold chlorosis of sugar 
cane, 885-892 

Fellows, Murley, The influence of carbon 
dioxide and oxygen on the growth of 
Ophiobolus graminis in pure culture, 81 
Fenner, E, Aline, see Cooley, J. S. 
Fermentation, alcoholic, of Fusarium lini, 
941 

Festuca, elatior, host of Puccinia coronata, 
83-84, 84; interrupta, host of Puccinia 
coronata, 83-84 

Feterita, not susceptible to sorghum kernel 
smut, 85 

Forms, physiologic, of Oolletotrichum linde- 
muthianum in the Netherlands, 369 
Fire blight, of apple, epedimiology, and 
control, 665-696; of pesur, 253 
Fitch, H. W., Eevised method for the 
quantitative determination of sulphur 
fungicides on foliage, 427-428 


Flax, Fusarium lini cm, 951; iiilierltance 
of immunity frcnu Mcvlampyrn-a liiri, n 7 
Flax rust, development of, 1S5; elTect of 
soil nutrients on infection, l!)7 : fa«*lors 
affecting, 185; factors affceliiig leiigfli 
of incubation, 194; histological rela- 
tions, 19S 
Flax wilt, 84-85 

Flor, H. IL, see Lamuket. E. lb 
Flower garden, fungous foes of, 756 
Flowers erf sulphur, for (audrol of wherit 
bunt, 349 

Foines pinicola Fr., preliuiimiry nule on, 
757-758 

Footrot, caused by Aseochyla sp. am! Home 
other fungi, 269; of peas 26<9; of 1. ilium 
candidum and Liliuin pyrenaimnu caused 
by Phytophthora eatdorum, 51-53; of 
wheat, effect of tillage, fertilizers, and 
rotations on, 81 

Formaldehyde, for contiad of cereal sriiiitg, 
349, 350, 351 

Foxtail, bacterial spot, 236 
Fraser, W, P., and 0. A. Koott, Himit of 
western rye grass, 473; P. M. Himmonds 
and E. 0. Bussell, Tim take-all disease 
in Canada, 80-81 

Froaime, F. I>., Suscept'ibiitty of wheat 
varieties and select itma to Imme smut, 
86-87 

Fruit decays, avocado, 762 
Fruit trees, diseases of, in New Zealand 
and their remedial treatment, 489 
Fruitlet black rot disease of pineapple,. 
359-363 

Fungi , mutations in, 702-763 
Fungicides, the effectiveness of, in cmi- 
trolling the covered smuts of small 
grains, 393-411; Kulphur, quanfitative 
determination on foliage, 427-42H 
Fungous, foes of flower garden, 7511; dis- 
eases of fruit trees in New Zealand and 
their remedial treatment, 489 
Fusaria, 305, 306, 307, 3I)H; causing bulb- 
rot of onions, 74-75 

Fusariosis of cereal crops in European !tu>- 
sia in 1923, the, 305-308 
Fusarium, 260; bulbigeiuim Cke. and Mass, 
on onion bulbs, 74-75; causing rot of 
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avocado, 80 j cepae Hanz. causing bulb- 
rot of onions, 74-75; eonglutinans, 
Copenhagen market cabbage resistant to, 
72; eonglutinans, inheritance of resis- 
tance to, 87; inoculation experiments, 
371-802; lini, 307; lini, alcoholic fer- 
mentation of, 941; lini, physiologic spe- 
cialization in, 84-85; lini, studies on the 
parasitism of, 951; martii Appel and 
Wr. on onion bulbs, 74-75; martii var. 
pisi, 269-270, 276; moniliforme, as af- 
fected by corn seed treatment, 82-83; 
moniliforme Sheld. on onion bulbs, 74- 
75; oxysporum Schleeht. on onion bulbs, 
74-75 ; oxysporum, var. gladioli, causing 
rot of gladiolus, 511-523 ; rot, of gladio- 
lus corms, 509-523 ; roseum on rye, 305- 
308; special form, 307; spp., 247; spe- 
cies on Pyrus, 625; three undetermined 
species associated with pea wilt, 75; 
vasinf eetum Atk. on onion bulbs, 74-75 ; 
vasinfectum causing cotton wilt, 76; 
vasinf eetum, in tomatoes, 234; vasinf ee- 
tum, 234; zonatuin Sh. causing bulb-rot 
of onions, 74-75 

Fiisariiim-infeetion, 306, 307 

Pusarium-resistance in cabbage, inheri- 
tance of, 87 

Pusarium-resistant cabbage (Glory of 
Enkhuizen selection), 72-73 

Pusieoceum putrefaciens, on cranberries, 
224 

Fusicladium, brevipes, on Astragalus, 553 ; 
eifusum, 642 ; pisicola n. sp., causing 
black-leaf of peas, 549; on peas (two 
species), 553 

Gall, aerial, of quince, 78 

Gardner, Max W., see Brewer, P. H.,. 

Gentiana, 295 

Germisaii, for control of covered smut of 
barley and oat smuts, 350, 351 

Gibberella, saubinetii, as affected by corn 
seed treatment, 82-83 ; species on Pyrus, 
625 

GiI/BERT, W. W., An improved method for 
isolation of Thielavia basicola, 579 ; and 
P. C. Meier, Chemical injury to water- 
melons in transit, 73 
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Gilchrist, Grace G., The nature of re- 
sistance to footrot caused by Ascochyta 
sp. and some other fungi in the epicotyl 
of the pea, 269-276 

Gladiolus, Pusarium corm rot, 509-523; 

dry rot disease of, 757 
Gloeosporium, caulivorum on clover, 71— 
72; piper atum, as cause of anthraenose 
of peppers, 334-335, 339-344; pipera- 
tum, description of, 340; piperatum, 
overwintering of, 342-343 ; spp., asso- 
ciated with anthraenose of peppers, 333- 
344 

G lomerella, cingulata, on privet, correction 
in nomenclature, 428; glycines, n. sp., 
640; piperata, association with anthrae- 
nose of peppers, 335; piperata, descrip- 
tion of, 340-341 ; sp., description of, 
341; spp., associated with anthraenose 
of peppers, 335-336, 338-344 
Gnomoniopsis piperata, probable identity 
with Glomerella piperata, 341 
Goldsworthy, M. C., Attempts to culti- 
vate the tobacco mosaic virus, 873-876; 
Studies on the spot disease of cauli- 
flower, 877-884 

Goss, B. W., A simple method of inoculat- 
ing potatoes with the spindle-tuber dis- 
ease, 233; Transmission of potato spin- 
dle-tnber by cutting knives and seed 
piece contact, 68-69, 299-303 
Granovsky, A. H., Studies on leafhopper 
injury to apple leaves, 76, 413-423 
Grass, Johnson, bacterial spot of, 236 ; 

western rye, smut of, 473 
Gratz, L. 0., and Beiner Bonde, Alter- 
naria tuber rot of potatoes, 68 
Gravatt, G. P., The chestnut in Southern 
Appalachians, 643 

Graves, Arthur Harmount, Basal shoots 
from blighted chestnut treek, 615 
Greaney, P. J., see Bailey, D. L, 

Grier, N. M., Device for increasing the 
capacity of moist chambers, 309-310 
Ground cherry mosaic, properties of infec- 
tive principle, 441 

Guba, E. P., Injury to glasshouse plants 
from hydrocyanic acid gas, 633 
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Hahn-, GtLEnn Gardnee, Phomopsis jmiip- 
erovora and closely related strains on 
conifers^ 899 

Hairy root of apple seedlings, 78 
Hansen, H. N., Single spore isolation sim- 
plified, 763 

Hard rot, of gladiolus, 509 
Hart, Heeen, Eaetors affecting tlie devel- 
opment of flax rust, Melampsora lini 
(Pers.) Lev., 185-205 
Head smut, of sorghum, relation of soil 
temperature and soil moisture to develop- 
ment of, 353-357 

Heads, of cabbage, attacked by Perono- 
spora parasitica, 365-366 
HEAiiD, P. D,, and E. Sprague, Spot-rot 
of apples in storage caused by Botrytis, 
485 

Hedges, Florence, Bacterial wilt of beans 
(Bacterium flaceumfaciens Hedges), in- 
cluding comparisons with Bacterium 
phaseoli, 1-22 

Hegari, susceptible to strain of sorghum 
kernel smut, 85 

Helminthosporium, calif ornicum, inheri- 
tance of resistance to in barley crosses, 
764; gramineum, causing stripe disease 
of barley, 565; gramineum, facultative 
parasitism, 70; infection phenomena, 
70; sacchari on sugar cane, 71 
Henry, A. W., Inheritance of immunity 
from Melampsora lini, 87 
Hereditary abnormalities resembling cer- 
tain infectious diseases in beans, 731- 
737 

Hesler, L. R., Rev. of: ^ildments de 
Pathologic Vegdtale, appliqude a 
PAgronomie et a la Sylviculture, by E. 
Marchal, 59-61; Teaching elementary 
plant pathology, 739-744 
Heterodera radicieola, galls on begonia, 
491; paradichlorobenzene against, 635 
Higgins, B, B., Anthraenose of pepper 
(Capsicum annuum L.), 333-345 
Holbert, James R., Ohas. S. Reddy, and 
Benjamin Koehler, Seed treatments 
for the control of certain diseases of 
dent corn, 82-83; see Dickson, James 
G.; see Johann, Helen 


Helens, bacterial spot, lialepmisis, 

bacterial spot, 236; sorghum, baidtrial 
spot, 236; sorgliiim var. siidaiieiisis. bai*- 

terial spot, 23 (> 

Hordeuin, distichum (llordesnu 

for resistance, 764; miirhiioi!, host 
Puccinia conmatiu S3- “^4 
Horne, Wm, T., Fuitluu" studies an avi*- 
eado fruit decays, 76»2; Notes lUi some 
tropical anthrarnuses, 7fi2; rrfl'niduji jy 
notes on av{)cu<lo fruit dciuiv. so 
PIowE, Mary F., (3uuigcs in bydrogcii'iitn 
concentration induced by carbon dioxide 
in ndatif)!! ft) the gersninat iun id' vpmes 
of IJstilngo levis, 69 -70 
Howitt, J. E. ami W. (b Evax,s, Pyr!iisi\‘e 
sublimate and time of treatmerst in rota- 
tion to yield and control Rlilzoctonia, 
755; Preliminary repent of soiiir* obser* 
vations on asimspore discharge and dis- 
persal of eonidia of A'enturlsi imHuialis 
(Cooke) Winter, drdPJfnl; Hoiin* obser- 
vations on ascospon* diwdiarge iiml dis- 
persal of eonidia <sf Yeuturia imH|ua!is, 
756 

Hydrocyanic acid gas, injury to gliisslicnisc* 

plants, 633 

Hydrogen-ion concontration, fliiiiiges In- 
duced by carbon dit>xide, 60-70 
Hylemyia trichodoctyla, 55 
Hynes, H. J., 8tudies mi the remtion to 
stem rust in a cross Imtweeu Fmlcratioii 
wheat and Kha|>li ernnier, with iiot*‘s on 
the fertility of the hybrifl types, HH!^« 
829 

Immimi-h% from iMelampsnra lini. iiiheri-^ 
tance of, 87 

Infections of apple and prune by 

Armillaria mellea, observaticuis on, 479 
Influence of soil temperature ami soil mois- 
ture upon -white rot of Allium, 6^97 -'Tiff 
Inheritance, of immunity from IMelamp- 
sora lini, 87; of resistance to Ibdiidii- 
thosporium californieumi in a cross bo- 
tw^een Chevalier barley, a resistant vaii- 
ety, and Abyssinian, a susceptibh^ 
variety, 764; of Fusariuni-resi>tam'«‘ i!» 
cabbage, 87 
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Iiioeulatioii of wheat varieties with Euc- 
cinia tritieina, 90-94: 

Insect host of aster yellows, 67 
Internal brown spot of potatoes, 711-722 
International problems in plant pathology, 
an invitation, 233 

Isolation, single spore simplified, 763 

Jaoksox, a. B., see Bekkeley, G. H. 
.lACKSON, IL S., see Mains, E. B. 

Jaggek, Ivan C., Powdery mildew of musk- 
inelons in the Imperial Talley of Cali’ 
fcjrnia in 3925, 1009 

tlEHLE, R. A., F. \V. Oldenburg, and C. E. 
Temple, licdation of internal cob dis- 
coloration to yield in corn, 207-215; 
Selection for freedom from internal cob 
dis('oloration in corn, 639 
Johann, Helen, J. R. Holbert and James 
G. Dickson, A Pythinm seedling blight 
and root rot of dent corn, 85 
Johnson, James, Mosaic diseases on dif- 
ferential hosts, 141-149; New virus dis- 
ease of tobacco and related plants, 66; 
Some points of view on the plant virus 
problem, 745-751 

Johnston, John R., Banana wilt disease 
on the island of Singapore, 369-370 
JoNBiS, Fred R., Resistance of peas to root- 
rot, 459 

Jonb:s, Philip M., A mycetozoan found 
in tobacco plants with mosaic-like symp- 
toms, 67 

^Tuniperus spp., list of species affected by 
Phomopsis jiiniperovora, 899-900 

Karasch Compound A and B dusts, for con- 
trol of wheat bunt, 349 
KErrT, G. W., Studies of apple scab infec- 
tion under controlled conditions, 77 ; see 
Rikkf., a . J. ; and E. E. Wilson, Studies 
on the development of the ascigerous 
stage of Ycnturia inaequalis in nature, 
77 

Kendphok, j. B., Holeus bacterial spot on 
species of Holciis and Zea mays, 236- 
237 ; see Brewer, P. H. 

Kightlinger, C. V. and H. H. Whetzel, 
Second report on dusting for cereal 
. rusts, 64 


Koehler, Benjamin,, see Holbert, 
James R. 

Kunkel, L. 0., Incubation period of aster 
yellows in its insect host, 67 

Lambert, E: B., and E. C. Stakman, 
Effect of sulfur dust on the develop- 
ment of black stem rust of wheat in a 
natoal epidemic, 64-65; et al, The 
effectiveness of various fungicides in 
controlling the covered smuts of small 
grains, 393-411 

Larix spp., hosts for Phomopsis jnnipero- 
vorus, 900 

Lawns, brown-patch control, 7 6 

Leach, J. G., The relation of the seed-corn 
maggot to potato blackleg, 68 ; The rela- 
tion of the seed-corn maggot (Phorbia 
fusciceps Zett.) to the spread and de- 
velopment of potato blackleg in Minne- 
sota, 149-175 

Leafhopper injury to apple leaves, 76, 413- 
423 

Leaf rust of wheat, control by sulphur 
dust, 64 

Leaf spot, angular, of cotton, 246; lumi- 
nous, due to Omphalia flavida, 63 

Leguminosae, species attacked by Perono- 
spora trifoliorum, 72 

Leak, cottony, of eggplant fruit caused by 
Pythium' aphanidermatum, 47-50 

Lehman, S. G., and F. A. Wolf, Pythium 
root rot of soybean, 640; soybean an- 
thracnose, 740; see Wolf, F. A. 

Lemon black pit in South Australia, 80 

Leonian, Leon H., Morphology and patho- 
genicity of some Phytophthora muta- 
tions, 723-730 

Letcher, Houston and J. J. Willaman, 
Biochemistry of plant diseases Till, 
941 

Lettuce, breGding for tip-burn i^esistance, 
764 

Leukel, R. W., Further experiments on 
the control of bunt of wheat and the 
smuts of barley and oats, 347-351 ; 
James G. Dickson and A. G. Johnson, 
Seed treatment for controlling stripe 
disease of barley, 565-576 
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Lewcock, H. K.j a. citrus baeteriosis oc- 
curring in South; Australia, 80 
Lilac, bacterial disease of, 235 
Lilium, candidum, foot-rot of, Sl-SS; 

pyrenaicum, foot-rot of, 51-53 
Link, Geo. K. K. and Alice A. Bailey, 
Fusaria causing bulb-rot of onions, 74- 
75 

Linum usitatissimum, Fusarium lini on, 
952 ; immunity from Melampsora lini, 87 
Liquid treatments, for control of stripe 
disease of barley, 569 
Linpokd, Maxjkece B., A wilt disease of 
peas in Wisconsin, 75; Black-leaf of 
peas caused by Fusicladium pisicola 
n. sp., 549-558 

Little leaf, in apple and pear, 277, 278, 
279, 281; disease of pecans, 277-283 
Lolium substratum, host of Puccinia coro- 
nata, 83-84 

Lonicera flava, susceptible to Puccinia 
eoronata, 84 

Loose smut, of barley, control by use of 
organic mercury compounds, 63— 64; of 
wheat, susceptibility of varieties and 
selections to, 86-87 ; of wheat, control 
by use of organic mercury compounds, 
63-64 

Ludwig, C. A., Pseudomonas (Phyto- 
monas) pisi Sackett, the cause of a pod 
spot of garden peas, 75, 177-184 
Lycopersicon esculentum, inoculations with 
mosaic diseases, 144 

Mackie, W. W., Inheritance of resistance 
to Helminthosporium califoimicum in a 
cross between Chevalier barley, a resis- 
tant variety, and Abyssinian, a suscep- 
tible variety, 764; and Fred N. Briggs, 
Effects of wheat treated with copper 
carbonate upon common house mouse, 
629 

Macro sporium, infection phenomena, 70 
Maggot, seed-corn, relation to potato black- 
leg, 68 

M4.INS, E. B. and H, S. Jackson, Physio- 
logic specialization in the leaf rust of 
wheat, Puccinia triticina Erikss., 89-120 
Maple, Verticillium wilt of seedlings, 611 


Massey, L, M., Fusarium rot of gisiclittliis 

conns, 509-523 

McCuni'OCK, J. a., Aerial galls of cfiiiiifo, 

78 

McKinney, IL IL, Virus riiixtim'h flint 
may not bo di‘tected in young tobactni 
'plants, 893; Factors aflVcting tim prop* 
erties of a virus, 75.*i ; atid li. W. Wiiius, 
The dilution niofliod as a itioaiiH for 
making certain quantitative studios of 
viruses, 66 

Medieago, lupulina, host of PfU'fuio.Hponi 
trifoliorum, 72; sativft, hiwt of Ponuit^ 

spora trifolionim, 72 

MEER, JIKKE 1L II. %’AN DFIL VorticillillliS 
wilt of maple and elm soodlings, 611 

Meibi^, F. C., see GiLiiEET, W. \V. 

Melampsora lini, 185; factors alToctiiig 
germination, 180; inheritance of iiiiiiim 
nity from, 87; on flax, 185; physiologi- 
cal specialization, 199; vitality of 
spores, 190 

Melciiers, Leo E., and M. (A Skwell, 
The effect of tillage, fertilizers ami ro- 
tations on the spread of wheat foot -rot, 
81; see Tisdale, W. II. 

Melhus, I. E., A wouiicl clressing for 
plants, 79; and Frank Van iLiLTERS, 
Selerospora graminieola on 8iS-86| 
see Whbtzel, H. H. 

Mercury, organic mercury compounda for 
the, control of loose smuts of wheat ami 
barley and barley stripe, 6S-II4 

Method, ' an improved, of Isolating Fseu- 
domonas tumefachms Sm. and Towiu, 
577 

Mildew, downy, on Everglade millet, 71 

Millet, Everglade, downy mildew on, 71; 
pearl, bacterial spot, 236; siisceptiMe to 
Sclero'Spora graminieola, 85-86 

Milo, susceptible to strain of sorgliuiti ker- 
nel smut, 85 

Minnesota, black leg in, 149 

Mix, a. J., correction in nomeiieliitiire of 
Glomerella eingulata, 429 

Moist chambers, device for incrtmsliig the 
capacity of, 309-310 

Moisture, effects on Phytophthora infes- 
tans, 135; of soil, relation to develop- 
ment of head smut of sorghunn 353-357 
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Mohteith, John, Jr., Colletotriclmm tri- 
folii and Gloaosporiuin caulivorum on 
clover, 71-72 ; Control of brown-pateli in 
turf, 76; see Walker, J. C. 

Morpliology and pathogenicity of some 
riiytophthora mutations, 723“730 

Mokren, Ch., 753 

Mosaic, cross inoculations with cucumber 
mosaic, 144; cross inoculations with 
‘^mibP’ tobacco mosaic, 144; cross iii- 
ociiltitions witti ordinary tobacco mosaic, 
144; cross inoculations with Petunia 
mosaic, 344; cross inoculations with 
^ ^ speckltMp tobaeeo mosaic, 144; dis- 
eases on differential hosts, 141-149; 
diseases, differential symptoms of, 143- 
145; effect on carlx>hydrate and nitro- 
gen content of the tomato, 843-852; 
incubation periods of, 143; infection, 
inhibition of, 67—68; myeetozoan in to- 
bacco plants mth mosaic-like symptoms, 
67; of cucumber, tomato and Physalis, 
a comparative study, 431; potato, influ- 
ence of environment on symptoms, 581; 
of potato, relation to streak or winter 
blight of tomato, 326-330; tobacco, at- 
tempts to cultivate virus, 873-876; to- 
bacco, nature of virus, 853-872 ; of 
tomato, causing destruction of chloro- 
plasts, 66-67; of tomato, relation to 
streak or wunter blight of tomato, 326- 
330; of sweet potato, incubation period, 
74; of sweet potato, non-transmissibil- 
ity, 74; viruses, studies by dilution 
method, 66 ; virus mixtures in tobacco, 
893 ; new, of tobacco and related plants, 
66 

Mouse car, known locally in southern Mis- 
sissippi, 277 

Mohxoe, Irene, A preliminary note on 
Femes pinieola Fr. and Pholiota adiposa 
Fr.— "two heterothallic species of wood- 
destroying fungi, 757-758 

Mur.LER, Albert S., see Burkholder, 
Walter H. 

Muller, H. B. A., Physiologic forms of 
Collet otriehuni lindemnthiannm (Sace, 
et Mag.) Bri. et Cav. in the Netherlands, 
369 


Mulvania, Maurice, Studies on the na- 
ture of the virus of tobacco mosaic, 
853-872 

Muncie, J. H., Hairy root of apple seed- 
lings, 78; The effect of crowngall on 
young apple and peach trees and lon- 
gevity of Bacterium tumefaeiens in the 
soil, 79 

Mus mnscnlus, effect of copper carbonate 
upon, 629 

Musa textilis, bunchy-top of, 894 
Muskmelons, powdery mildew of in the 
Imperial Valley of California in 1925, 
1069 

Mutation, in IJstilago zeae, 979- 
Mutations in fungi, 762-763 
Myeetozoan, Plasmodiophora tabacum n. 
sp., in tobacco plants vdth mosaic-like 
symptoms, 67 

Nectria, .species on Pyrus, 623 
Nematode, paradichlorobenzeno against, 
635 

Netherlands, physiologic forms of Golleto- 
trichnm lindemuthianum in, 369 
Net necrosis of potato, 929 
Newhall, a. G., Controlling celery blight 
in seedbed, 467 

New Zealand, diseases of fruit trees in, 
and their remedial treatment, 489 
Nickel carbonate, dust, for control of 
wheat bunt, 349 

Nicotiana, glanca, inoculations with mosaic 
diseases, 144; glntinosa, inoculations 
with mosaic diseases, 144; mstica, in- 
oculations with mosaic diseases, 144 ; 
tabacum, inoculations with mosaic dis- 
eases, 144 ; tabacum, new virus disease, 
66 

Nixon, E. L., Migration and transforma- 
tion of Bacillus amylovorus in apple 
tissue, 77 

Nomenclature, of leaf rusts, 114^-117 
Notes, on some tropical anthraenoses, 762; 

pliytopathological, 233 
Nothoholcus lanatns, susceptible to Puc- 
einia coronata avenae, 83 
Nuclear phenomena in IJrocystis cepulae, 
69 
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Oats, crown rnst of, 83, 84; smuts, experi- 
ments in the control of, 347‘--351 
Occurrence of club root on Chinese cab- 
bage, 310 

OcPEMiA, G-. 0., Progress report on buiichy- 
top of abaca or Manila hemp, 894 
OLDENBUilG, P. W., see Jbkle, R. a. 
Oniphalia flavida, bioluminescence of, 63 
Onion, Pusariiim bulb -rots, 74-75; smut 
experiments for control of, 758; smut, 
nuclear phenomena and life history, 69; 
white rot of, 697-710 
Onions, ammonia injury, 73 
Ophiobolus, gramiiiis, influence of carbon 
dioxide and oxygen on growth of, 81; 
earieeti on Torresia odorata and Bromus 
spp, in .Canada, 80-81 
Overwintering; of Bacillus amylovorus, 
666-673; of Bacterium pruni, 55-57; of 
Phytophthora infestans, 121-140 
Oxygen, influence on growth of Ophiobolus 
graminis, 81 

Oxalis, species, infection with Puceinia 
sorglii, 69 

Pacific division of the American Phyto- 
pathological Society, titles and abstracts 
of papers of annual meeting, 761-764 
Paradiehlorobenzene, use of, against nema- 
tode, 635 

Parasitism of Pusarium lini, studies on, 
951 

Patel, M. K,, An improved method of iso- 
lating Pseudomonas tumefaeiens Sm. 
and Town., 577 ; Study of Pei'onospora 
trifoliorum DeBy. on species of Legu- 
minosae, 72 

Pathology, plant, teaching, 739-744 
Pea, footrot caused by Ascochyta sp. and 
some other fungi in the epicotyl of the 
pea, 269-276 

Peas, ' black-leaf of, 549; garden, pod spot 
caused by Pseudomonas pisi, 75; pod 
spot, 177; resistance of, to rootrot, 459; 
wilt disease, 75 

Peach, bacterial spot, control with sodium 
silicofluoride, 79-80; blossom blight, 
experiments at Washington, 218; blos- 
som blight, 217 ; blossom blight, experi- 
ments at Port Valley, Georgia, 220; 


effect of crowngall on young trees, 79; 
overwintering of linvUnimn pniiii In 

dead leaves of, 55-57 
Peaches, aiuinonia injury, 7'A 
Pear, fire blight of, 253 
Pears, ammonia injury, 7*> 

Pecan scab, 642; scab, c(}iitrol of, il44 
Pecans, little leaf discmse, 277, 2H2 
Pennisetiim glaiicum, bacterial spot, 2ro; 
Pepper (Capsicum auinmm L.'l, anllinit** 
nose of, 333~3»45 

Peronospora, 289; parasitica, 292; parasi- 
tica, attacking cabbage heads, r»65''7bl6; 
trifoliorum on legumCH, 72; trlfcilior«!ii, 
290, 292 

Peronosporales, 285-290, 291 ; relation of 
- oxygen to spore germination in some 
species of, 285 , 

Pestalozzia sp. causing rot of avocatlo, Hfl 
Petunia violacea, inoculations with mosaic 
diseases, 144 

Phalaris spp., susceptible to Pnccinia 
coronata, S3-S4 

Phaseolus, spp., hosts for Phytoinoiias 
medicaginis phaseolicola, 927 ; vulgaris, 
a new bacterial disease on, 915 
Pholiota adii>osa Fr., preliminary note on, 
757-758 

Phorbia, brassicae, life history, 154; fua- 
eiceps, seed-corn maggot, relation to 
potato blackleg, 68; fuscnceps, 2Iett, 
Phomopsis juniperovora, on conifers, 89!^ 
Phytolacca dceandra, inoculations with 
mosaic diseases, 144 

Phytomonas, 264; dissolvens (comln nov.'K 
264, 265; flaecumfaeiens, on beans, 915; 
phaseoli, on bean, 915; medicaginis var. 
phaseolicola n. var. on beans, destn’i;*- 
tion of, 923; synonym of Pseudomonas, 
177 

Phytopatliological, notes, 429, 753; Bix'i- 
ety, see American Phytopathologitml 
Society 

Physalis, heterophylla, as carrier of tomatt^ 
streak or winter blight, 325; mosaic of, 
431; pubescens, inoculations with mo- 
saic diseases, 144 

Physalospora malorum (Berk.) Shear, 
variability, in, 41-46 

Physiologic, forms of Colletotrieliiini linde- 
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nuithianum in the Netherlands, 369; 
f(»rnis of PiKadiiia coronata, effect of 
alt<‘niate hosts on, 8r>-“84; forms of Puc- 
einia tritieina, Lll“n4; specialimtion, 
of Fusarium liiii, 976; specialization of 
Fiisarium lini, S4-85; specialization of 
Puceiuia triti(nna, 89-12(y; specialization 
of Ustila^o) Hilda and U. tritici, 1001; 
sp(‘('iaiization of Ustilag’o zeae and Puc- 
einia, sorgln, 84 

Physiological, specialization, Melampsora 
lini, 199; specialization, in Ustilago 
zeae, 797 

}>hytoidithora, 286-289, 290, 291, 292 
Phytophthora, a species of, 285; eactornm, 
cause of foot-rot of Lilium candidum 
and Lilium pyrenaieum, 51-53; eac- 
torum, on strawberry, 229; colacasiae, 
2S5, 287, 288, 289, 292; infestans, 285, 
289, 292; infestans, effects of low tem- 
perature on, 131-138; infestans, effects 
of moisture on, 135; infestans, occur- 
rence of oospores of, 128-131; infestans, 
overwintering of, 121-140 ; infestans, 
saprophytism of, 122-127; mutations, 
723-730; omnivera, mutations, 723-730; 
palmivora, 289, 292; parasitica, 289, 
292; parasitica, var. rhei, 723 
PiEMEiSEL, Frank Joseph, 662 
Pineapple, fruitlet black rot of, 359-363 
Pisum sativum, black leaf of, 549 
Plakidas, a. G., Strawberry Yellows, 
a degeneration disease of the straw- 
berry, 423-426 

Plunkett, 0. A., Mutations in fungi, 762- 
763 

Plant pathology, international problems in, 
233; teaching, 739-744 
Plant virus problems, 745-751 
Plasmodiophora, brasslcae, 310; tabaciim 
n. sp., in tobacco plants with mosaic-like 
symptoms, 67 

Plasmopara, 289; vitlcola, 290, 292 
Pod spot of garden peas, 182 
Potato, black dot’^ disease of, 23-40; 
blackleg, relation of seed-corn maggot, 
68; blackleg, 149; blackleg of, 246; 
mosaic, relation to streak or winter 
blight of tomato, 326-330; mosaic symp- 
toms, influence of environment on, 581 ; 


net necrosis of, 929; spindle tuber, 
transmission by cutting-knives and seed- 
piece contact, 68-69 ; spindle-tuber, 
transmission by cutting knives and seed 
piece contact, 299-303; spindling tuber 
disease o^, 233 ; tuber rot caused by 
Alternaria solani, 68 ; method of inocu- 
lating with spindle tuber, 233 ; sprain 
or intenial brown spot, 711-722 
Powdery mildew, of muskmelons in the 
Imperial Valley of California in 1925, 
1009 

Prune, infection of roots by Armillaria 
mellea, 479 

Pseudomonas, citriputeale, 235; citripu- 
teale, in Sontlx Australia, 80; citripu- 
teale, on avocado and citrus, 235; dis- 
-solvens, 264; holci, n. sp., 237; pisi, 
cause of pod spot of garden peas, 177; 
pisi, causing pod spot of garden peas, 
75; pisi, cultural characteristics, 178; 
pisi, inoculations, 177 ; pisi, longevity, 
179; syringae, 236; syringae, cause of 
bacterial disease of lilac in Europe, 236; 
tumefaciens, a method of isolating, 577 
Pseudomosaie in beans, 731 
Pseudotsuga spp. hosts for Pliomopsis 
juniperovora, 900 

Puccinia, coronata, effect of alternate hosts 
on physiologic forms of, 83-84; coronata 
II, alternate hosts of, 84; graminis, re- 
action to in a cross, 809-829; graminis 
tritici, on Berberis fendleri, 234; sorghi, 
infection and spore germination studies, 
69; sorghi, physiologic specialization in, 
84; tritieina, geographic distribution of 
physiologic forms of, 105-111; tritieina, 
methods of inoculation, 90-94; tritieina, 
on wheat, 89-120; tritieina, physiologic 
specialization of, 89-120; tritieina, re- 
action of wheat varieties to physiologic 
forms of, 95-105; tritieina, single-spore 
cultures of, 92-94 ; tritieina, typesi of 
infection, 94—95 

Pythiaeystis citrophthora in avocado, 762 
Pythium, aphanidermatum, cause of cot- 
tony leak of eggplant fruit, 47-50 ; de 
baryanum, 640; seedling blight and root 
rot of corn, 85; species, 269-270 
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Quaxjer, H. M., Eesults of Butch inves- 
tigations, 310 

Quebec, streak or winter blight of tomato 
in, 311-331 

Quince, aerial galls, 78 

Easpberry, Verticillium wilt of, 755-756; 
mosaic, masking by high temperature, 80 

Eamsey, G. B, and L. F. Butler, Ammo- 
nia injury of fruits and vegetables in 
storage, 73 

Eawlins, T. E., Cytology of root tips 
from sugar beets having curly-top dis- 
ease, 761; see J. B. Scherree 

Ebldick, B., Authority, 753-754 

Ebbdy, C. S., J. E. Holbert and A. T, 
Erwin, Sweet corn seed treatment in 
1925, 65; see Holbert, James E. 

Eeinking, 0. A-, Fusaria inoculation ex- 
periments: relation of various species of 
Fusaria and Colorado banana disease, 
371-392 

Kelation, of oxygen to spore germination 
in some species of the Peronosporales, 
285-292 

Relationship, of various species of Fusaria 
to wilt and Colorado banana disease, 
371-392 

Eesistance, in beets, to curly top, 87-88; 
in cabbage to Fusarium eonglutinans, 
inheritance of, 87; of peas to rootrot, 
459 ; of wheat varieties to Erysiphe 
graminis tritici, 90 ; of wheat varieties 
to Puecinia triticina, 95-114 

Results, of Butch investigations, 310 

Ehamnus, eathartiea, relation to crown 
rust, 84; lanceolata, relation to crown 
rust, 84; species, alternate hosts of Pue- 
cinia coronata II, 84; species, effect on 
physiologic forms of Puecinia coronata, 
83-84 

Ehizoctinia, 270; cause of rot in straw- 
berry, 230; crown rot of carrots, 356- 
368; on potato, 755; solani, 269-276; 
solani on cotton, 761 

EMzopus, 254; nigricans, causing ripe rot 
of avocado, 80; rot of various fruits and 
vegetables, 254 ; spp., 247 ; spp., on avo- 
cado, 762 


Rhododendron, 294, 295; 293, 

294, 295; ehrysantlmin, 2!»3, 291, 295; 
fljmim, 295, 296; pontieiiiii, 295; 
rhombieum, 293, 294; KiiiiniDVil, 294, 
295; sp., 293, 294, 295; itiigoniit, 294, 
295 

Rhubarb, Phy tophi bora oa, 723 730 

Rice, stem rot caused liv Sclercdiiiiii 

86 

Biker, A J., and 0. W. Keitt, Htiidit's of 
crowngall and eallns overgrow! Iw on 
apple grafts, 78; Htuilios of cnwiigoll 
and wound overgrowth on apple niirsery 
stock, 765-809 

Eolenheihkr, IL a., PhyMiologleal 
ciaiization of Uatilago iiiida and Ustilago 
tritici, 1001; see LAMBERT, E* IL 

Eoberts, J. W.j and J. C. Buneoan, Blos- 
som blight of peach, 217-222 

Boot-rot, 243, 269; of corn, cMiiised by a 
Pythiiim, 85; reslatanee of peas to, 459 

Rose, B. H., Relation of stniwiierry fnilt 
rots to w^eather coniliticms in the ieltl, 
229-232 

Rosen, H. R,, Bacterial stalk rot of corn, 
241-267 ; Paradiclilorobenzene against 
root-nematode, 635; Sweet potato incmab 
and its incubation period of tw'o grow- 
ing seasons, 74 

Rosendahl, C. ()., Rev. of: Winter botany, 
second edition, revised by Wm. Tek- 
LEASE, 61-62 

Rosenbaum, Joseph, 663; Joseph, biogra- 
phy of, 895 

Rot, bacterial stem, of eofs, 242; baeteriiil 
stalk, of corn, 241-267; black, of pine- 
apple fruitlets, 350-363; of crown of 
carrots, caused by Rhizoctoiiia, 367-368 ; 
dry, of gladioli, 757 ; of apple, ciiiiseii 
by Botryosphaeria ribi», 45; of applc% 
caused by Botryosphaeria ribia f. chrcj- 
megena, 45; of the apple, variability In 
the bhaek rot fungus, 41-46; of potato 
tubers caused by Alternaria solani, 68; 
on strawberry caused by Rhizoetonia, 
230; Rhizopus, of various fruits and 
vegetables, 254; white, of Allium. 697- 
710 
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Rots, strawberry, 229; strawberry, rela- 
ti(»n of weather to, 229 

Bus ms iiiiiomiiiatus, mosaic masked by high 
temperature, 80 

Rudolph, Ik S., ■VerticiHium wilt of toma- 
toes in California, 234 

I'tFssKLL-, R. C., see Fraser, W. P. 

Bust, alternate hosts of Pueeittia coronata 
11, S4; biaek stem rust of wheat, effect 
of sulfur dust, 64“()5; cereal, dusting 
for, <)4; corn, infection and spore ger- 
mination studios, 69; effect of alternate 
hosts on physiologic forms, 82-83; of 
wheat, control by sulphur dust, 64; on 
wheat, 89-120; wheat stem, in Manitoba, 
755 

Saxbs, 1 ). B., Experiments for the control 
of onion smut, 758 

Saxfokd, G. B., Some factors affecting the 
pathogenicity of Actinomyces scabies, 
d 25— o47 

Saprophytism, of Phytophthora infestans, 
122-127 

Sawyer, W. H., Jr,, see Stevens, N. E. 

Scab, of apples, 559; of apple, infection 
under controlled conditions, 77; of po- 
tato, 525 

Sc«£:bii»er, J. B., and T. E. Bawlins, 
Breeding lettuce for tip-burn resistance, 
764 

Sclerospora, 289 ; graminieola on Ever- 
glade millet, 71; graminieola on corn, 
85-86 

Sclerotinia cepivorum, temperature studies, 
697-710; einerea, 217 

Sclerotium oryzae, causing stem rust of 
rice, 86 

Scott, G. A., see Eraser, W. P, ■■ 

Seed, bed, controlling celery blight in, 467 ; 
treatments for control of bunt, 829- 
842; treatments for the control of cer- 
tain diseases of dent corn, 82-83; treat- 
ment experiments for controlling stripe 
disease of barley, 565-576; treatment, 
sweet corn, 65 

Seed-eorn maggot, 154 ; life history, 154 
relation to potato blackleg, 68; relation 
of to potato blackleg, 149 


Seedling, blight, of corn, caused by a 
Pythium, 85 ; blight of corn, influence of 
temperature on resistance to, 82; wilt, 
of beans, 734 

Semesan, for control of covered smut of 
barley, 350, 351; for control of oat 
smuts, 350, 351; dust, for control of 
wheat bunt, 349 

Sequoia spp., hosts for Phomopsis junip- 
erovora, 913 

Shapovalov, Michael, Aspergillus decay 
of cotton bolls, 75 ; Transpiration of 
healthy and blighted tomato plants 
(Western yellow tomato blight), 763; 
What is sore-shin f’’, 761 
Setaria viridis, host of Sclerospora grami- 
nicola, 85-86 

Sewfxl, M. 0., see Melchers, Leo E. 
Single-spore, culture, of Puecinia triticina, 
92-94; isolation simplified, 763 
SmAioxDs, P. M., see Eraser, W. P. 
Singapore, banana wilt disease on, 369- 
370 

Smut, covered, of barley, experiments in 
the control of, 347-351 
Sodium siiicofluoride, as a control for 
peach bacterial spot, 79-80 
Slagg, C. M., New and unusual diseases 
and injuries of tobacco, 758 
Smith, C. 0., Similarity of bacterial dis- 
eases of avocado, lilac, and citrus in 
California, 235-236 

Saiith, M. a., Infection and spore germi- 
nation studies with Puecinia sorghi, 69 
Smut, head, of sorghum, relation of soil 
temperature and soil moisture to develop- 
ment of, 353-357; kernel, of sorghum, 
strain infecting milo and hegari, 85 ; of 
barley, 1001; on corn, 979; of onion, 
control of, 758; of onion, nuclear phe- 
nomena and life history, 69; of western 
rye grass, 473; of wheat, 1001 
Smuts, covered, of small grains, 393-411; 
of oats, experiments in the control of, 
347-351; loose, of wheat and barley, 
control, 63-64 

Soil, moisture influence on white rot of 
Allium, 697-710; relation of tempera- 
ture and moisture to development of 
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head smut of sorghum, 35S-357 j tern- 
perature> influence on white rot of Al- 
lium, 697-710 

Solaniim, melongena, inoculations with mo- 
saic diseases, 144; nigrum, inoculations 
with mosaic diseases, 144 ; rostratum, in- 
oculations with tobacco mosaic, 14d ; 
tuberosum, scab of, 625 
^ VSore-shin, ’ ^ what isf 761 
Sorghum, bacterial spot of, 236; head 
smut of, relation of soil temperature and 
soil moisture to development of, 363- 
357 ; kernel smut, strain infecting milo 
and hegari, 85; susceptible to Sclero- 
spora graminieoia, 85-86 
South Carolina, Pseudomonas pisi in, 177 
Sorokin, Helen, The destruction of the 
chloroplasts in tomato mosaic, 66-67 
Soybean, anthraenose, 640; brown spot of, 
639; PytMum root rot of, 640 
Specialization, of Pueeinia tritieina, 89- 
120 

Sphacelotheea sorghi, strain infecting milo 
and hegari, 85 

Spindle tuber, disease of potatoes, 233 ; of 
potato, transmission by cutting-knives 
and seed piece contact, 68-69; method 
of inoculating potatoes, 233 
Spore, germination studies with Pueeinia 
sorghi, 69 

Spot, bacterial on species of Holcus and 
Zea, 236 

Spot-rot, of apples in storage caused by 
Botrytis, 485 

Sprain of potatoes, 711-722 
Sprague, E., see Heald, P. D., 485 
Stain Technology, 579 
Stakman, E. 0., and J. J, Christensen, 
Physiologic specialization of IJstilago 
zeae and Pueeinia sorghi and their rela- 
tion to corn improvement, 84; see 
Broadfoot, W. 0.; see Christensen, 
J. J.; see Lambert, B. B. 
Staphylococcus, 255; aureus, 255 
Stem rot, of rice, caused by Sclerotium 
oryzae, 86 

Stem rust, black, of wheat, effect of sulfur 
dust on, 64-65 ; of wheat, control by sul- 
phur dust, 64; wheat, epidemiology of, 
in Manitoba, 755 


Stevens, P. L., Plant diHeuKC fungi, re- 
view of, 637; Sylloge Pmigmmm, review 

of, 429 

Stevens, N. E., ami W. Sawyek, dm, Tlie 
distribution of ernuberry hlMs>-MUK 

223-227 

Stipa sp., host of Pueeinia em’Miniia, 
Storage, spot-Tot of apple eaitsed by ilttm" 
tis in, 485 

Strawberry, fruit rots, 229; fmii! rots, re- 
lation of weather to, 229; rot eausotf by 
Phytophthora eactorum, 229; rot. eoiLiMl 
by Jvhlzoctonia, 23{t; ‘‘yolhnvs, I2:b- 
426 

Streak, of tomato in Quebec, tUb-tidi 
Stripe, disease, of btadey, 565; of barley, 
control, 63-64 
Stuart disease, 264 

Studies, of corn gall and wound over- 
grow- th on apple nursery stock, 765-899; 
of the epidemiology and i‘f fire 

blight of apple, 665-696; on epitienfud- 
ogy of w'heat stem rust in Manitoba, 
755; on the nature of the virus of to- 
bacco mosaic, 853-872; on the reaction 
to stem rust in a cross between Federa- 
tion wdieat and Khapli einmer, with 
notes on the fertility of the !iy!>rid 
types, 809-829; on the spot disease of 
cauliflow^er (Bacterium maeulicolum ) , 
877-884 

Sudan grass, bacterial spot, 236 
Sugar beets, cytology of root-tips of curly- 
top, 761; resistance to curly-top, 87-88 
Sugar cane, cold chlorosis, 885-892; Hel* 
minthosporiiim saechari on, 71 
Sulphur, colloidal, for eontrid of oat 
smuts, 350, 351; colloidal, for control of 
covered smut of barley, 350; colloidal, 
for control of w’heat bunt, 349 ; dusf, as 
a control for wheat rusts, 64 ; dust, 
effect on black stem rust of wheat, 64- 
65; flowers of, for control of wheat bunt, 
349; fungicides on foliage, quantitative 
determination of, 427-428 
Survey, field, as a basis for the phonologi- 
cal interpretation of the plant disease 
epidemic, 63 

Sweet corn, seed treatment in 1925, 65 
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Sweet potatOj mosaic, iioa-transmissibility 
of, 74; mosaic, iiieubatioii period, 74 

Sylloge Ftiiigorum, review of 23rd volume, 

429 

Take-all disease in Canada, 80-81 

Taxodium spp., hosts for Phomopsis jnni- 
])erovora, 900 

Taxiis spp., hosts for Phomopsis junipero- 
vora, 900 

Teaching, of elementary plant pathology, 
739-744 

Tktion, L. P., The field survey as a basis 
for the phenologieal interpretation of 
the plant disease epidemic, 63 

Temple, C. E., see Jbhle, E. A. 
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BACTEKIAL WILT OF BEANS (BACTERIUM FLACCUMPACIENS 
HEDGES), INCLUDING COMPARISONS WITH •* 

BACTERIUM PHASEOLI 

m 

F L O E E N C E HeD GE S 
INTRODUCTION 

The disease described in this paper has been under observatiw by the 
writer since 1921, at which time navy bean plants were received from ^outh 
Dakota accompanied by the statement that large numbers of the plants were 
dying. The wilted plants were found on the farm of the office of Forage 
Crop Investigations at Eedfield, S. D., in navy beans whic^ had been inohn- 
lated with Bacillus radicicola, and it was first thought by Mr. Leonard, of 
the office of Soil Bacteriology Investigations, that the no%iile organism might 
have become pathogenic. This proved not to be the case. It was learned 
that the previous year there had been a loss of 90 per cent of the crop from 
what appeared to be the same disease, and that the 1921 crop was grown 
from seed harvested from the remaining 10 per cent. The loss in 1921 
amounted to about 25 per cent. Some of the same seed planted at Arling- 
ton, Va., produced a large number of plants that wilted and died in the 
seedling stage. Examination of the plants from both South Dakota and 
Virginia showed bacteria in the vessels of the stem, often accompanied by 
browning. Proiff diseased plants from both sources a yellow organism was 
isolated, with which the disease was repeatedly produced by artificial inocu- 
lation. This organism was found to differ from all bacteria hitherto de- 
scribed as infectious to bean, and was named Bacterium flaccumfaciens, A 
preliminary paper was published in Science (2), and a paper was given 
before the American Association for the Advancement of Science (3). 

GEOGRAPHICAL DISTRIBUTION 

The disease has been isolated from wilted navy bean plants from South 
Dakota, Michigan, Virginia and Maryland; and from seed from South 


2 


Phytopathology 


[VoL. .16 


Dakota, Montana, Michigan, Maryland, District of Colnmbia, Prance and 
Germany. The author believes the disease is rather widely distributed in 
bean-growing sections but that it has been confused with the blight caused 
by Bad. phaseoli^ and that in all probability the greater part, if not all, of 
the seedling wilt reported by the Plant Disease Survey of the Bureau of 
Plant Industry in Indiana, Michigan, Minnesota, New Jersey and Maryland 
in 1917, Minnesota and Connecticut in 1918, and New Jersey in 1920 was 
due to Bad. flaccumfaciens. In the summer of 1922 some Michigan fields 
showed as high as 90 per cent of the crop affected. It was the most serious 
disease affecting Michigan beans that season. 

DESCRIPTION OF THE DISEASE 

The following description applies to the wilt chiefly as it appears on the 
navy bean, inasmuch as this is the variety on which it has been most com- 
monly observed and principally studied up to the present time. 

The disease attacks all parts of the plant above ground. It may either 
kill the plant in the seedling stage, or dwarf it, resulting in a reduction in 
yield and the production of diseased seed. 

Seedling wilt. Plants not more than 2 or 3 inches high may be attacked. 
The wilting and shrivelling of the leaves is sometimes accompanied by a dull 
green or brownish green discoloration, and the whole plant may be dead 
before it has develb^ed more than the first pair of leaves. 

Wilt of older plants. If the plant survives the seedling stage or becomes 
infected at a later period in its development, it may live throughout the 
season and mature its seed. When conditions are favorable, the diseased 
plants are very conspicuous because of the large number of shrivelled leaves 
(Pig. 1) ; but under conditions less conducive to severe attack they may be 
scarcely noted, as the wilting takes place slowly. Sometimes a seemingly 
vigorous plant bears one or more shrivelled lateral shoots more or less hid- 
den by the mass of healthy foliage. Growers should be on the lookout for 
these less conspicuous signs, for such plants give the farmer little or no 
warning and yet produce diseased seed. 

The discoloration accompanying the early stages of wilt when the leaves 
are becoming flabby is not, as a rule, very conspicuous. The color of the 
affected portion is dull green or brownish green, greenish brown, or reddish 
brown. The discolored area is flabby at first and later dry and papery. 
Now and then it is bordered by yellow, but this is not common. Sometimes 
the whole leaf blade and petiole become flabby and droop, unaccompanied 
by discoloration of any kind. Usually the wilting of a portion of the leaf 
is rapidly followed by the collapse of the whole, but occasionally the infec- 
tion is restricted to a comparatively small area, the rest of the blade and 
the petiole remaining turgid at least for a time. 
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■ Another phase of the disease is a breaking over of diseased plants. In 
all cases obser%^ed, the break has occurred at a node which has been browned 
■or reddened. The occnrrence of this phase is probably dependent upon the 
amount and severity of wind and the degree of infection in the stem. It 
has been observed in the field only, never in greenhouse experiments even 
when the inoculation was made in a node. This phenomenon has been re- 
ported by Muncie (6) in connection with bacterial blight (Bact, pjiaseoli). 
From such broken over beans in Michigan in 1923, Bact, flaccumfmiens was 
isolated and its pathogenicity proved by inoculation experiments. 

Pod infection. This disease is very much less conspicuous on the pods 
than bacterial blight {Bact. pliaseoli). In fact sometimes, even on pods in 
which all the seeds are infected, there is no outward sign at all (Plate I, A 
and B) and on others it is so slight as to be easily overlooked. It does not 
consist of spotting as in blight, but infection takes place by way of the fibro- 
vaseular bundles in the pedicel and manifests itself as a discoloration run- 
ning along one or both sutures and sometimes spreading laterally to some 
extent. Infection may be observed on pods which are still green or just 
yellowing. On green pods the diseased area may be a rather sickly green 
or a yellowish green, or it may be somewhat darker than the rest of the pod 
and more or less watery looking. On ripe pods it is more conspicuous, the 
olive greenish color of the infected suture being then in greater contrast to 
the yellow color of the normal portion of the pod (Plate I, C). Infected 
pods have been found on large vigorous plants showing no other sign of the 
disease. 

Seed infection. Diseased plants bear infected seed, but observations 
made thus far indicate that only a small proportion are visibly infected. 
There are two types of seed infection: (I) systemic or internal (Plate I, A), 
and (II) superficial. When seeds are harvested from an infected field, bright 
yellow seeds are very conspicuous among them. The infection is of type I 
and easily seen by the workers who hand-pick the seed in commercial seed 
houses. The culls from Michigan elevators in 1922 and 1923 contained 
large numbers of infected seeds and yet a sufficient number are overlooked, 
as shown by an examination of many packages of commercial seeds, to start 
the wilt in the fields the following year. The yellow color is caused by a 
thick bright yellow bacterial layer underneath the white seed-coat and visi- 
ble through it. If the seed-coat is removed, this layer can be scraped up 
with the point of a knife, leaving the seed-coat white. Sufficient bacteria 
are present in a badly infected seed to make 10 ce. of water very milky. 
Sometimes the whole seed is yellow, sometimes only a portion, and some- 
times it has a speckled appearance. Often such seeds are shrivelled, but 
they are quite as often plump and of normal size. 
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At times tlie infection is purely superficial (type II), bacterial slime 
being smeared on the surface of the seed from the interior of the ])o<l, and 
^*sometimes the only sign of infection is a small amount of yellow slime at 
the hilum. Such seeds are sure to be overlooked by the farmer who saves 
his own seed or by the hand-pickers in the commercial seed houses. Ihi for- 
tunately, the germination of even heavily infected seed does not vsecm to be 
greatly impaired, tests showing a germination of 72 per cent. 

These tests were made with yellow seeds selected from culls from a Mich- 
igan elevator, so they were presumably from many different lots of seed and 
no checks were available. 

Both types of seed infection may occur in cases of bacterial blight (Baci. 
phaseoli) also, and when they do occur can not be differentiated by the eye 
alone from those due to bacterial wilt {Bad. flaccumfaciens). 

The writer believes, however, that type I (systemic or internal infection) 
is rare in cases of bacterial blight {Bad. phaseoli), because systemic infec- 
tion of the plant as a whole is rare in that disease, though it does occur. 
Furthermore, there is the circumstantial evidence that but three isolations 
from 18 samples of diseased seed (type I), from as many sources, yielded 
the blight organism {Bad. phaseoli), whereas the other fifteen platings gave 
pure cultures of Bad. flaccumfaciens, the wilt organism, regardless of the 
fact that the bacterial blight {Bad. phaseoli) occurs very commonly in all 
bean-growing sections. 

The writer is of the opinion, from’ observations made up to the present 
time, that the greater part of the yellow seed answering the above descrip- 
tion is infected with the wilt {Bad. ftaccumfaciens) instead of the blight 
organism {Baet. phaseoli) and that these two diseases have been confused 
on the seed as well as in the field. 

, HOST PLANTS 

The disease has been found occurring naturally on navy, wax and lima 
beans and has been produced artificially in soy beans (Var. Ito San). Tests 
of other legumes and related plants are contemplated. 

PLANTING OP DISEASED SEED 

On May 20, 1922, seed from the diseased crops grown in 1920' and 1921 
at Kedfield, S. Dak., was planted at Tuxedo, Md., on land on which beans 
had never before been grown. Yellow seed from two other lots, bought on 
the market in Baltimore and Washington, and known to contain Bact. j/fac- 
cumfaciens, also were planted in this plot, altogether about 28% oz. of seed. 
Unfortunately, the writer was unable to obtain, that season, any commercial 
samples of navy bean seed , wholly free from wilt and aeeordingly was 
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obliged to use for the check plot seed selected with as much care as possible 
from lots known to be infected. 

Two weeks after planting, when the plants were about 2 inches high, 
most of them had developed the first compound leaf and there was 2.2 per 
cent wilt. No wilt had developed in the check plot. 

Examinations were made of the plot from time to time during the sum- 
mer, and an increased number of wilted plants was found on each succes- 
sive examination. 

The results of the experiment were inconclusive because of the impossi- 
bility of obtaining good seed for checks and because the plants in two whole 
rows, including the checks, became badly infected with mosaic. Consider- 
able blight (Bact. also was present. 

On August 28 the crop was harvested. The plants were much stunted 
and had produced very few pods. Of the 15 per cent which still bore liv- 
ing shoots, 88 per cent were examined microscopically and 70 per cent were 
found to contain bacteria in the stem. The plants bore very few pods, and 
many of these were infected with Bact. flaccumfacieTis. Many cases of wilt 
occurred among the cheeks also, a result which was not surprising. The 
experiment would not have been worth recording had it not been that no 
beans had ever been grown on this ground before and there were none in 
the vicinity from which the disease might have been carried. 

Wilt also occurred on plants grown from diseased seed in sterilized soil 
in the greenhouse (Plate II, E) . 

FIELD OBSERVATIONS 

Arlington, Ya. The writer first saw this disease in the field at the 
Arlington Experiment Farm, Va., Aug. 30, 1921, in an experimental plot 
belonging to Mr. Leonard, of the office of Soil Bacteriology Investigations. 
Mr. Leonard had undertaken to determine what influence, if any, the treat- 
ment of bean seed incidental to its inoculation with liquid cultures of Bacil- 
lus radicicola might have upon bean wilt (5), that disease having been first 
observed in conjunction with inoculation with the root nodule organism at 
Redfield, S. D. Seed from the diseased Redfield crop and from the mar- 
kets in Baltimore and Washington, D. C., was used. Wilt occurred in 
plants from all three lots, but the writer’s observations were concerned 
chiefly with the progeny of the Redfield seed. 

The plants were in the seedling stage, and great numbers of them had 
wilted and died. The beans were planted in hills, and in some cases as 
many as five plants in seven were wilted. Ten partially wilted plants were 
taken up and planted in pots in the greenhouse. For a time they continued 
to grow slowly, the new leaves wilting shortly after unfolding, with the 
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exception of one plant more resistant than the rest. In 5 days, 5 of the 
seedlings had no tnrgid leaves and 5 had one each. In 12 days, 5 were 
dead; and in 6 weeks, 7 of the 10 were dead and 2 nearly so. The remain- 
ing plant had been mnch more resistant. It had grown more rapidly than 
the others and, whereas, on the 5th day it had only one tnrgid leaf, on the 
12th day it had 3 and on the 22nd day it still had two which sliowed no sign 
of wilt. At the end of 6 weeks the last leaf of this most resistant plant of 
the ten was flabby, and the plant finally snecnmbed to the disease. 

A final examination was made of the Arlington plot on Oct. 10. The 
majority of the plants were very mnch stunted, the leaves were abnormally 
small and many of them wereilabby or dead. The tips of many small lat- 
eral shoots were wilted and shrivelled. Many plants were entirely dead 
and few appeared to be normal. 

MicKigm, In the summer of 1922, Dr. R. D. Rands, of the Bureau oi 
Plant Industry, made an extended survey of the bean-growing districts in 
Michigan and reported the occurrence of much wilt there, stating that it 
was the most serious bean disease in the state that season. Infected plants 
collected by him were turned over to the writer, who isolated very virulent 
strains of Bad. flaccumfaciens from the seeds. The following summer 
(1923) the writer visited several of the largest bean-growing centers in the 
state during the latter part of June and of August. Because of the preva- 
lence of the wilt the preceding year, it seemed probable that a considerable 
amount of infected seed would find its way into the fields at planting time 
and that seedling wilt would result. Such proved to be the ease, although 
only one field was found where the wilt was present in quantity at the time 
of the first visit in June. This was a 10-acre field of Robust bean and it 
was badly infected with seedling wilt, although no dead plants were ob- 
served, and most of the plants had only one or two wilting leaves. An 
examination of the seed left after the planting of this field showed a con- 
siderable proportion of infected seed. 

On this tour of inspection infection was found on both Robust and Im- 
proved Robust, two varieties of navy bean widely grown and highly prized 
in Michigan because of their resistance to disease. Early Wonder also* was 
found to be attacked. In several instances where wilt occurred the writer 
had an opportunity to examine the seed left from the planting, and in every 
case it was found to be infected. Infected seed was very common in a sam- 
ple examined at one of the elevators in Tuscola County, the county in which 
the greatest amount of wilt was found. 

In August the same fields were re-visited, and wherever seedling wilt 
had been observed in June, infected seed was found in August. Infected 
pods and seed were very plentiful in the field previously mentioned, in 
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which so much seedling wilt was seen in the spring, although, owing to the 
excessively dry weather, no doubt, it had been so inconspicuous during the 
summer that the owner of the field had believed his plants had outgrown 
the disease and was much amazed when the infected pods were pointed out 
to him. He had been greatly interested in the writer ^s photographs and 
colored plates of the wilt on the previous visit and had been on the lookout 
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for the disease during the summer. This is an instance of the manner in 
which, under certain conditions, the wilt can persist in a field and produce 
diseased seed without attracting notice. Although there had been much 
seedling wilt in the spring, the disease had progressed so slowly during the 
dry season that few plants had wholly suecumbed, and the wilted leaves 
had been so few at any one time and dropped off so gradually that the field 
appeared to be free from the disease. This was in marked contrast to the 
Redfield, S. D., field in 1920 and 1921 and fields in Michigan the previous 
year (1922) as reported by Leonard and Rands, respectively. In these 
fields badly wilted plants (fig, 1) were of common oeeurrence. 

In one Michigan field of Early Wonder in which but little seedling wilt 
was observed in June, there was a great quantity of pod and seed infection 
(Plate I, C). This field also had been planted with infected seed, as showm 
by examination of the seed left after the planting. 

The breaking over of the stems near the ground was observed in August 
in one of the experimental plots at the Michigan Agricultural College in 
which the plants were badly wilted. Nearly all of the plants affected with 
wilt were broken in this manner. Prom such plants, Bact. flaccumfaciem 
was isolated. The breaking w^as usually accompanied by browning or red- 
dening of the stem. 

ISOLATION OP THE ORGANISM 

The organism has been isolated in pure cultures repeatedly from stems, 
petioles, and leaf blades of both seedlings and older plants, and from the 
seed. The colonies appeared, as a rule, in two days. When isolations w^ere 
made from stems, petioles or leaf blades, the tissue was dipped in alcohol, 
sterilized in mercuric chloride 1 : 1,000 for twenty seconds to two minutes. 
Leaf blades were never sterilized more than one minute. The inereiirie 
chloride was then washed off in sterile water, the tissue transferred to beef 
bouillon or another tube of sterile water and crushed. Prom the tube con- 
taining the crushed tissue, dilutions were made and plates poured. 

The organism is easily obtained from the seed in pure cultures without 
sterilization, both from the bacterial layer under the seed coat and from 
dried bacterial ooze on the surface. In the case of the former the seed wms 
split, the seedcoat with its bacterial lining removed, dropped into sterile 
water and left standing a few minutes before the dilutions were made, in 
order that the bacteria might diffuse. When pouring plates from dried 
bacterial ooze on the surface of the seed, the whole seed was dropped into 
sterile water. 

The organism is most surprisingly resistant to drying, as is evidenced 
by the fact that it has been isolated from dried bacterial ooze on the hilum 


1926] 


Hedges : Baeterial Wilt of Beans 


9 


of seed nearly 5 years old. Even in this case the colonies appeared in 2 
days and were just as virulent as isolations from the most recent infections. 

INOCULATION EXPERIMENTS 

Prick inoculations. Artificial infection has been repeatedly produced by 
pricking bacterial slime from pure cultures of Bact. ftaccumfaciens into 
stemsj |,)etioles, or pods of sound plants. Sometimes the plants were put into 
inoculation cages but this is not necessary. The plants were, however, kept 
shaded for the first 12 or 24 hours after inoculation. Plants of all ages 
were inoculated in the stem — from tiny seedlings in which the cotyledons 
had not yet spread apart to those which were in blossom. The plants are 
susceptible at all ages if thrifty and growing well. Older plants were 
usually inoculated near the tip of the main stem or on a lateral shoot, 
although infection also can be obtained by inoculation near the base of the 
plant. The first signs of infection usually were observed in 5 to 10 days, 
although in one experiment wilting occurred in 3 days and in another the 
first signs of infection were observed in 2 weeks. In one set of inoculations 
there was 100 per cent infection in 11 days. 

The wilting and shrivelling of the first leaf above the pricks was fol- 
lowed by the successive wilting and falling of the leaves above until the 
stem was defoliated or nearly so (Plate II, A-C). Sometimes the plants 
were completely defoliated in 14-18 days. At other times the disease 
progressed much more slowly. If the plants lived long enough to produce 
pods, these were commonly infected (Plate II, A). 

In some of the artificial infections, yellowing occurred. This was quite 
common in two of the inoculation experiments, one made Dec. 20, 1921, 
on very young King of the Garden Lima beans and Ito San soy bean seed- 
lings, the other made Oct. 24, 1922, on navy beans 1-2 feet high. Pure 
cultures of Bact. flaccumfaciens were repeatedly obtained by plating from 
these yellow areas, which appeared in 13-39 days. This phenomenon, how- 
ever, has been observed too rarely to be considered one of the characteristics 
of the disease. 

Another very successful method of obtaining infection on very young 
plants was by removing the cotyledons and painting the wound with a 
brush dipped in a water suspension of Bact. flaccumfaciens. 

A simple time-saving device was constructed for use when large num- 
bers of plants were to be inoculated, consisting of a small camePs hair 
brush to which a fine needle had been bound. The point of the needle 
was about 2 mm. below the end of the brush. With this device the wound- 
ing and application of the bacteria were effected at the same time. Since 
the instrument could not be flamed, as many of them were used as there 
were colonies concerned in the inoculation. 
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Very interesting and unexpected results were obtained wlien prick 
inoculations were made on the green pods. The Lazy 'Wife pole bean was 
the variety used in every case and inoculations were also- made with Bavf. 
phaseoli for comparison. There was so little reaction on the surface of the 
pods inoculated with Bact. fiaccurnfaciens in 10-12 days that the writer 
thought no infection had taken place. In 14-16 days, however, tlie pods 
■were withering and in some cases yellowing. At this stage tliey were 
opened and the seeds were found to be badly infected (Plate IIT, A). 
Where the needle pricks had gone into the seeds, there was a bright yelknv 
bacterial layer under the seedcoat. There was also considerable l)aeterial 
slime on the inner surface of the pod and in one ease the latter dis- 
colored. The interior of the pods inoculated with Bacf. ‘pJiaseoli pre- 
sented an appearance very similar to that just described, but the exterior 
show^ed a decided contrast, the pricks in the inoculations with Bact, i^hascoll 
being surrounded by water soaking, which appeared in 7 days and left no 
doubt as to the success of the inoculation. 

Prick inoculations also were made on the pedicels and on the stem just 
below the pedicel. In 3 weeks, infection was visible along the seed-bearing 
suture, which was darker green than the rest of the pod and in some cases 
was splitting. There was also bacterial ooze in so-me instances. In 4 “weeks 
the pods were beginning to wither and were turning a yellowish green in 
the flabby portion (Plate III, B). The pods were opened and found to 
contain infected seed. There was conspicuous watersoaking in the pods 
similarly inoculated with Bact. phaseoli, a marked contrast to the preceding. 
The infection had likewise entered the seeds, which resembled those infected 
with fiaccurnfaciens. 

All attempts made to infect flowers failed, as in every case they fell 
off. When extremely young pods were inoculated, they either fell off or 
failed to mature. 

Applying a bacterial suspension of jBacL fiaccurnfaciens to the unin- 
jured surface of green pods with a brush produced no infection, but a 
similar treatment with Bact, phaseali produced typical watersoaked spots. 

Spray inoculations. None of the writer's experiments have given con- 
clusive evidence of the occurrence of stomatal infections and it is the 
opinion of the author that they do not take place. They certainly do not 
do so readily, as is the ease with Bact, phaseoli. Spray inoculations have 
been made on seedlings of navy beans, King of the Garden Lima and Ito 
San soy bean, with prick inoculations as checks. The plants \vere kept in 
a moist atmosphere at least 24 hours. In one set of these experiments a 
method was used which had proved very effective in producing infection 
in soy beans with Bact, phaseoli, ^ difficult accomplishment, spraying 
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seedlings a few days old in the damp chamber in which they had been 
germinated (4). Three days later the sprayed seedlings were planted 
in pots in the greenhouse. The prick inoculations resulted in infection in 
5 to 13 days, but whenever infection occurred on the sprayed plants it 
was on a torn leaf or on a plant which had been so gnawed by insects that 
it seemed probable that the bacteria had entered through the wounds. In 
some instances it was very evident that this was the case. No small spots, 
gradually increasing in size indicative of stomatal infections, were ever 
observed. 

On the other hand, that the bacteria easily can find their way into 
wounds without being forced in mechanically as in the ease of the needle- 
prick inoculations described above, is evident from the fact that infection 
readily took place on King of the Garden Lima beans when the plants were 
pricked first and then sprayed with a water suspension of the bacteria. 
The plants were kept moist in inoculating cages for 46 hours. Local infec- 
tion occurred on Ito San soy bean leaves which had been rubbed between 
the thumb and forefinger after spraying, but no wilt resulted. The infec- 
tion was confined to brown streaks on the leaves from which Bact. fiacoum- 
f miens was re-isolated. On the other hand, this plant succumbs readily 
to prick inoculations. 

Infection was obtained upon all the varieties tested, viz , : Great North- 
ern Navy, Common Navy, King of the Mountain Navy, Black Valentine, 
Lady Washington, Early Wonder, Red Kidney, WardwelLs Kidney Wax, 
Davis White Wax, Vaughan ^s Stringless Wax, Lazy Wife, King of the 
Garden Lima and Ito San soy bean. 

The colonies used for the inoculations came from widely separated 
sources: South Dakota, Montana, Michigan, Virginia, Maryland, France 
and Germany. All were equally virulent. 

SUSCEPTIBLE VARIETIES 

The disease has been found occurring naturally on the following varie- 
ties : Common Navy, Early Navy, Great Northern Navy, Improved Navy, 
Navy Pea Bean, Pea Bean, Pilot Navy, Black Valentine, Crystal White 
Wax, Early Wonder, Golden Eye Wax, Henderson’s Bush Lima, H. tres 
nain precoce, Hinrichs Riesen, Improved Robust, Robust, S.P .1. 50892, 
S.P.I. 50894, WardwelPs Kidney Wax, White Kidney, and a pink seeded 
variety from Michigan. 

WardwelPs Kidney Wax was reported as being especially susceptible to 
wilt in Michigan in 1922. 

In addition to the above, the following were found by inoculation to 
be susceptible : Davis White Wax, King of the Garden Lima, King of the 
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Mountain Navy, Lady Washington, Lazy Wife, Eed Kidney, Vaughan 
Monster Stringless Wax and Ito San soy bean. 

Variety tests on a large scale have been carried out -witli the wilt o!‘gan- 
ism by Rands and Brotherton (7) of the Bureau of Plant Iiuluslry in cnm- 
iieetion with parallel experiments on mosaic, antliracnose and baetmlal 
blight {Bad. phmeoli) . with a yiew to deyeloping yarieties r(‘sistant to 1hes(' 
enemies of the bean crop. No variety wholly immune to Barf. Jlavoim- 
facmis, howeyer, has been found. 

, ..CONTROL METHOUS 

The rise of clean seed from wilt-free fields is the best means of control 
thus far known, both observation and experiment having shown that this 
disease is transmitted through the seed. The use of seed twm or three years 
old as recommended hy Rapp (1, p. 60) of the Oklahoma Agrieultiiral Ex- 
periment Station, as a control for Baci. phaseoli 'would avail nothing in 
this case, as the causal organism of wilt has been found alive and virulent on 
seed five years old. It is doubtful whether any form of seed treatment would 
be practicable, as the bacteria are underneath the seed coat and protected by 
it. The ease with which the seed coats slip would preclude any long treat- 
ment with liquids, and the thermal death point of Bad. flaomimfmiens is 
so high (60° C.) that a temperature which would kill it would probably 
kill the embryo of the seed. However, experiments along this line are 
underway. 

Until more is known about the possibility of infection through the soil, 
it is advisable not to use bean straw as fertilizer or feed. Experiments 
on soil infection have been undertaken. 

Leonard (5) states that in his experiments in South Dakota there %vere 
indications of a stimnlation of the wilt disease when bean seed was inocu- 
lated with the root-nodule organism by means of liquid cultures. He sug- 
gests the applications of Bad. radkieola in the form of inoculated soil 
applied in a dry condition. 

. CULTURAL CHARACTERS . 

Colonies on 1 per cent peptone heef agar pZatcs.— Appear iisually in 2 
days, whitish at first hut very soon becoming pale yello'w or Ridgway^s 
eream color (8). They are round, smooth, wet-shining, semi-opaque, with 
entire, slightly thinner margins, flat or slightly convex, coalesce readily, and 
are finely granular. On very thinly sown plates they may become 4~7 mm. 
in diameter. A small brighter yellow type of colony occasionally appears 
on the plates bnt this appears to differ in no other respect from the pale 
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yellow or cream colored type either on other culture media or in its host 
reactions. No internal markings. 

Beef peptone agar slants . — ^Moderate flat spreading, pale yellow growth 
in two days at 22° C. : glistening, slightly contoured, translucent and viscid. 
It is sometimes difScnlt to remove the slime from the agar and difficult to 
make it diffuse in water. 

Beef peptone agar stahs. — Good pale yellow to deep yellow nailhead cov- 
ering the surface of the agar. Scanty growth in the stab, very rarely any 
below 1 cm. in depth. 

Beef peptone gelatin stal>s. — Very slow liquefaction. Little or no liquid 
gelatin present during the first month, evaporation taking place almost as 
rapidly as the liquefaction in contrast to the rapid liquefaction by Bact. 
phaseoU. In 9 weeks the gelatin was 1/3 to 1/2 liquefied. 

Congo Bed agar (Kellerman).^ — ^Very thin, scanty colony-wise growth, 
colorless at first but later absorbing the Congo red. The agar becomes 
purplish in 2-4 weeks. An excellent medium for distinguishing Bact. 
flaccumfaciens from Bact. phaseoU. The latter makes a copious smooth 
wet-shining growth in decided contrast to the meager growth of the former. 

Lima bean agar . — ^Very scanty growth, thin, slightly rough, pale yellow. 

Litmus lima bean agar . — A very scanty growth bluing the litmus. 

String bean agar. — Thin, dull, finely roughened growth, colorless at 
first but becoming yellowish. An excellent medium for differentiating this 
organism from Bact. phaseoU which makes a good vret-shining growth 
upon it. 

Soil agar (Lohnis).^ — ^Very scanty, barely visible growth. 

Starch agar.—Yexj weak diastasic action on cornstarch beef infusion 
agar. Plates tested with iodine when 1 week old. An excellent means of 
differentiating Bact. flaccumfaciens from Bact. phaseoU (Fig. 2). 


1 Distilled 1,000.00 c.e. 

Saeeliarose 10.00 g. 

Dipotassium phosphate 1.00 g. 

Magnesium sulphate 0.20 g. 

Agar flour 15.00 g. 

Congo red 0.10 g. 


Steam water, agar and salts one-half hour then add Congo red. 


2 Soil 150 g. 

Distilled H^O 1,000 c.c. 

Calcium oxide trace 

Heat in steamer 1 hour, filter and add per 1,000 c.c.: 
Dipotassium phosphate 0.5 g. 

Mannite 10.0 g. 

Agar flour 15.0 g. 

CaCOg excess. 
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Thaxter’s potato agar , — Good but not copious, wbitisb growth, some- 
wdiat contoured but for the most part smooth. Dry shining. Excellent 
medium for differentiating this organism from Bact. phaseol% which makes 
thereon a copious wet-shining yellow growth. 

Whey agar , — Good but not copious growth, dry-shining and somewhat 
contoured. When 10 days old the bacterial layer varied from primuline 
yellow to buff or apricot yellow ts). A marked contrast to the copious 
smooth wet-shining growth of Bact. phaseoli on this medium. 


Fig. 2 , — Cornstarch beef infusion agar plates 7 days old tested with iodine, show- 
ing comparative amount of diastasic action, x % ca. 

A. Bact. flacmmfaeiens. Weak diastasic action. 

B. Bact. phaseoli. Strong diastasic action. 


Yeast agar + 1 per cent dextrose.^ — A. very good medium for this organ- 
ism. There is a thin, whitish colony-wise grotvth in 24 hours if transferred 
from young cultures. Excellent whitish or cream-colored, wet-shining, 
somewhat contoured growth in 3 to 6 days. Color deepens to primuline 
yellow (8), in old cultures (4-5 weeks) and the bacterial layer becomes 
smooth. 

Moderate, often scanty mustard or primuline yellow (8) 
growth usually accompanied by a marked graying of the potato ; very little 
diastasic action ; a striking contrast to the copious growth and strong 
diastasic action of Bact. phaseoli. Growth on potato is extremely variable, 
sometimes ranging from little or none to very good growth in the same series 

3 200 grams yeast (Red Star yeast, free from starch is recommended), 2,000 c.c. 
tap water. Mix thoroughly and heat in steamer for 2-3 hours. Stopper with cotton 
and autoclave for at least % hour. Let stand several days. Siphon off the top liquid, 
adjust reaction, add agar and sugar. 
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of cultures of tlie same colony, probably due to differences in the individual 
potatoes. 

Beef infmicm peptone hotdllon . — Thin to moderate clouding within 24 
hours, often noticeably more clouded at the top, at temperatures ranging 
from 20"' to 36® (J. The clouding may increase somewhat and is persistent 
at favorable temperatures. A partial or complete pellicle usually forms in 
2 or 3 days. The character of this varies considerably. When young it 
shakes down easily, either falling as a whole, breaking up into coarse 
floeeulence or falling in long strings when agitated slightly. In cultures 
two weeks old which have not been disturbed the pellicle may be thick, 
exceedingly viscid and difficult to shake down. Sometimes a heavy rim is 
formed, but many cultures form only a faint partial one. The formation 
of pseudozooglcea is also an inconstant character. When present, they are 
sometimes more numerous in the upper portion of the medium. 

A very viscid ropy precipitate forms, rising in swirls when shaken and 
sometimes detached from the bottom of the tube only with the most vigorous 
shaking. No odor. 

Cohn^s solution. — ^Little, if any, growth. 

FermBs solution . — Some colonies cloud this medium very faintly, others 
not at all. Clouding when it does occur is transient. 

Litmus milk . — A slight alkalinity often occurs the first few days. Lit- 
mus reduced in 4-12 days. Acid reaction in 3-4 weeks. Other changes 
as in milk q. v. 

Milk . — ^A solid acid curd is formed in milk, although cultures are often 
slightly alkaline the first few days (compare lactose agar). Coagulation 
normally begins in 3 or 4 weeks, occasionally in 2 weeks, and on the other 
hand, sometimes in a series of cultures one which has remained fluid long 
after the others, will coagulate ultimately. 

One to several days after the formation of the solid curd there is an 
extrusion of whey and shortly thereafter peptoniziation begins, progressing 
very slowly. Rare cases have been observed in which peptonization began 
in 2 weeks without the forming of a solid curd. Tyrosin crystals have been 
observed in cultures 3 months old. Bad. flaccumfaciens usually produces 
a wide deep, primuline yellow rim in milk which is very striking. 

This is a good medium for differentiating this organism from Bad. 
pJiaseoli. 

Uscliinsky’s solution.—Thin to moderate clouding. No rim, pellicle or 
pseudozoogloeae. 

FERMENTATION 

Fermentation holes . — No gas was produced in fermentation tubes con- 
taining beef extract broth with brom cresol purple, 1 per cent peptone and 
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1 per cent dextrose, lactose and saccharose. Little, if any, cdouding in tlie 
closed end. Acid reaction in all, ^dsible in saccharose in 18 to 42 Iioiirs, in 
dextrose in 42 hours, and in lactose in 5 to 7 days. Temperatin*e 21~2(r V. 
Alkali was sometimes produced in lactose following the production of acid. 
In dextrose and saccharose the reaction was still acid after 2 months. 

Litmus lactose agar (1 per cent beef infusion agar 4 I per cent ])eptone 
+ 1 per cent lactose).— Pinkish cream colored growth. Trace of reddening 
(10 days). Reduction of the litmus. Good medium for differentiating 
Bact. flaccunifaciens from Bact, pJiaseoli when cultures are young. Old 
cultures (2 mos.) of both organisms are bluish green. 

Sugar and glycerine agars with hrom cresol purple and phenol red, (slant 
beef extract agar + 1 per cent peptone and 1 per cent of the substance to 
be tested) . There was good growth in all. No gas was produced. Bact. 
flaccumfaciens was yellow on the media containing brom cresol purple but 
nearly white on that containing phenol red. The cultures were kept at 
room temperatures which varied considerably during the course of the ex- 
periments (21° C. to 32° C.). The results were as follows : 

Dextrose. — Acid produced in 2 days. Cultures still acid after 2 months 
with the exception of one colony which began to show an alkaline reaction 
in 17 days. 

Lactose. — -Slight but distinct alkaline reaction in 2 days in most cases. 
Acid produced in 3-5 days. Occasionally a colony did not show the initial 
alkalinity preceding acidity. The cultures finally became alkaline, usually 
in 12-19 days. One culture, however, which remained acid for 9 weeks 
gave an alkaline reaction in 11 weeks. 

Saccharose . — Acid reaction in 18 to 48 hours. With two exceptions the 
cultures remained acid for 2 months. Two colonies, however, became alka- 
line in 2 and 6 weeks. 

Glycerine . — Acid reaction in 2 days. All except one colony, which 
showed a trace of alkali in 10 days, remained acid for 2 months. The cul- 
ture of the exceptional colony was alkaline throughout in 30 days. 

These sugar and glycerine agars afford a very excellent means of distin- 
guishing Bact. flaccumfaciens from Bact. phaseoli, as cultures of the latter 
produce no acid but become alkaline in 2 to 3 days. 

PRODUCTION OF AMMONIA, HYDROGEN SULFIDE AND INDOL 

Ammonia was present in beef extract peptone broth (pH 7.0), tested 
with Nessler’s solution 5 days after inoculation. 

No hydrogen sulfide was formed in basic lead acetate beef extract agar 
cultures under observation for 3 weeks. 

No indol present in Uschinsky + peptone cultures tested the 5th day with 
sodium nitrite and sulphuric acid. B. coli was used as a check. 
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REDUCTION OF NITRATES TO NITRITES 

No rednction of nitrates in nitrate-peptone beef extract brotb or syn- 
thetic nitrate solution in 2, 4, 5 or 11 days. Ammonia was produced in 
both the nitrate and the plain beef broth. The organism had not used the 
potassium nitrite in the peptone water + 2 p. p. m. potassium nitrite. Tem- 
perature 26° to 32° C. Sulphanilic acid and a-naphthylamine test used. 
Negative result also obtained with the potato starch water-potassium iodide- 
sulfuric acid test. No gas formed. 

In earlier experiments the cultures were put into the thermostat at 32° 
C., which is about the optimum temperature for this organism. The long 
continued heat broke down the nitrate and in 7 days both the cultures and 
the uninoculated nitrate broth checks gave the nitrite reaction. This was 
confirmed by later experiments in which parallel sets of nitrate broth were 
inoculated, one being kept at room temperature, the other in the thermo- 
stat. The temperature of both places varied considerably during the ex- 
periment — the thermostat from 31° to 35° C., room temperature from 
21° to 29.9° C., but when tested with sulphanilic acid and a-naphthylamine 
in 8 days all those in the thermostat, including the uninoculated checks, 
gave the deep pink nitrite reaction and all at room temperature remained 
colorless. B. pliytophfhorus was used as a check. 

TOLERATION OF ACID 

Tests were made in 17 beef infusion peptone bouillons ranging from pH 
9.1 to pH 4.9. The optimum pH proved to be 8.0 to 6.2, clouding taking 
place in 9t^ hours. The maximum tolerated acidity was about pH 4.9, some 
of the tubes clouding, others remaining clear. Growth occurred in pH 8.6 
bouillons in two days, and some of the tubes clouded in the pH 9.1 bouillon 
in 5 days, at which time it had become pH 8.84. 

TOLERATION OF Nacl 

Growth occurred in beef bouillon containing 2, 3, 4 and 5 per cent NaCl. 
All but the 5 per cent had clouded in 42 hours. The 5 per cent sodium 
chloride produced quite an inhibitory effect, but in 5 days there was slight 
growth and transfers made from these cultures to beef broth produced 
clouding in 24 hours, showing that the vitality of the organism was unim- 
paired. Cultures were kept in the thermostat at 29°-31° C. 

EFFECT OF FREEZING 

Beef broth transfers from 24 hour old beef broth cultures were frozen 
in salt and ice for 15 minutes, 40 minutes and 1 hour, then thawed quickly 
and kept at room temperature (24° C.). All were clouded in less than 24 
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hours, though those exposed for an hour were less clouded than the checks. 


LONGEVITY 

Cultures have lived for 4 months at 1.5° to 2° C. Beef broth cultures 
at winter room temperatures (about 22° to 24° C.) were alive after 7 weeks, 
but cultures of the same colonies transferred at the same time from the 
same source to Thaxter’s potato agar were dead at the end of this period. 

The organism has been found alive and virulent on the seed, botli under 
the seedcoat and on the exterior, at the end of five years, as already slated' 

REACTIONS TO STAINS 

Bact. flaccumfaciens stains readily with earbol fuehsin and Ehrlich’s 
anxlin gentian violet. It is Gram positive^ (unlike Bact. pJiaseoli) and not 
acid fast. No capsules were demonstrated with Eibbert’s capsule stain, 
a though covers were stained from very viscid growth on 48 hour old beef 
agar slants, and from very viscid nitrate beef brotb 


SUNLIGHT TESTS 

The only sunlight tests were made in January at Washington D. C. 
on bright, cloudless days. Plates poured from beef broth cultures 24 hours 
old were exposed bottom side up. They were placed on ice and so slanted 
as to^ catch the direct rays of the sun. Exposures were from 30 minutes 
0 hours in length and in none of them were all the colonies killed. Half 
were killed in 30 minutes, two-thirds by 45 minutes and very few more by 
hours. The 2 hour exposure, however, was later in the afternoon. 


TEMPERATURE RELATIONS 

Thermal death poimt. The thermal death point is about 60° C. The 
majority of the cultures tested were killed by 57.5° and 59 9° C but one 
colony ^ived both these temper.tnies. Beef bonillon tabes inoculated 
tali 24 hour old beef broth cultures were enpoaed for 10 minutes in the 
water bath, readings being taken every half minute. 

Maximum, minimum and optimum temperatures . — The minimum tem- 
perature is below 1.5° C. Tubes subjected to a temperature ranging from 
0^9 0^ to 15 C remained clear for 2 weeks but became faintly clouded 
after 7 weeks. Others placed at a temperature ranging from 1.5° C. to 

^ clouded in 6 to 13 days. These cultures were alive at the end 

o± 4 months. 

The maximum temperature is between 36° C. and 40° C In the ther 
mostat, ranging from 38.5° C. to 40.5° C., there was no growth. 

phytophtJious (Gram negative) used as clieck. 
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The optimum temperature is about 31° C. Growth occurred in less 
than 24 hours at 20°, 23.5°, 24°, 26°, 28°, 30.8° to 31.5°, 32° and 35.5° to 36° 
C., the most clouding at the end of this period being at 30.8° to 31.5° C. and 
the least at 35.5° to 36° 0. 

For these tests, peptonized beef broth was inoculated from peptonized 
beef broth cultures 24 to 48 hours old. 


TABLE 1. — Tests for differentiating Baot. flaecumfaoiens from Bact, phaseoU 


Medium 

Baot. flacmmfaoiens 

Bact, phaseoU 

Congo Red agar 

Very thin, scanty colony -wise 
growth 

Copious, smooth, wet- shining 

growth 

Cornstarcli agar 

Very weak diastasic action 

Very strong diastasic action 
(Fig. 2) 

Gelatin 

Very slow liquefaction 

Rapid liquefaction 

Glycerine beef extract 
agar witli brom eresol 
purple and phenol red 

Acid reaction in 2 days 

Alkaline reaction in 1-3 days 

Litmus lactose agar 

Pinkish cream growth: reduction 
and no bluing of litmus 

Greenish yellow growth: bluing 
and no reduction of litmus 

Milk 

Slow formation of solid acid curd 
followed by separation of the 
whey and slow peptonization 

Clearing 1-6 days; soft mobile 
curd, rapid peptonization pre- 
venting formation of a solid 
curd. Secretes a lab ferment 
(EPS) 

Potato 

Scanty to moderate growth ac- 
companied by marked graying of 
the cylinder : veiy weak diastasic 
action 

Very copious growth on fresh 
potato cylinders, finally so filling 
the water with slime that it re- 
mains in position when the tubes 
are inverted. Very strong dia- 
stasic action 

String bean agar 

Thin dull finely contoured growth 

Good wet-shining growth 

Sugar beef extract 
agars with brom eresol 
purple and phenol red. 
(dextrose, lactose, sac- 
charose) 

Acid reaction in 2-3 days 

Alkaline reaction in 2-3 days 

Thaxter ^s potato agar 

Good but not copious, dry-shin- 
ing, whitish, somewhat contoured 
growth 

Copious wet-shining yellow growth 

Whey agar 

Good but not copious dry-shining 
somewhat contoured growth 

' Copious smooth, wet-shining 
growth 

Gram ^s stain 

Positive 

Negative (EPS) 
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TECHNICAL DESCRIPTION 

Bacterium flaccumfaciens Hedges, 

Short, iion-spore-forming rod with rounded ends, 0.6 to 6 x O.^) to 0.5 u, 
occurring singly or in pairs. No chains or filaments liave been observed. 
Yellow (sometimes pale cream color), motile by means of a single i>olar 
flagellum 3 or 4 times the length of the rod, stained from 24 hour old l)eet! 
agar slants with Oasares-G-irs stain; aerobic; Gram positive, not acid fast, 
stains readily with carbol fuchsin and anilin gentian violet ; produces lu^ither 
nitxdte nor gas in nitrate media; liquefies gelatin slowly; weak <liastasi{' 
action; produces acid without gas from dextrose, lactose, saeebarose, and 
glycerine; no capsules demonstrated; on beef agar slants produces moder- 
ate, flat, glistening, slightly contoured, translucent, cream to yellow, viscid, 
odorless growth ; agar colonies round, smooth, wet-shining, flat, semi-opaque, 
finely granular with entire margins, appearing usually in 2 days ; acid curd- 
ling and peptonization of milk and production of tyrosin crystals in old 
milk cultures; reduction of litmus in litmus milk; moderate to strong per- 
sistent clouding of nutrient broth, odor absent, sediment viscid on agitation ; 
produces ammonia in beef broth + peptone; no production of indol in 
Uschinsky 4 - peptone (5 days) ; no hydrogen sulfide produced in basic lead 
acetate agar ; little, if any, clouding of the closed end of fermentation tubes 
containing peptonized beef extract broth containing dextrose, saceharose and 
lactose. Pathogenic to beans, causing dwarfing and wilt of seedlings and 
older plants and infection of the seed through which it transmits the disease. 

For the sake of facilitating the diagnosis of Bad. flaccumfaciens a brief 
table of cultural tests is appended which will serve to differentiate it from 
Bact. phaseoli with which it has been confused in tin* pa-; (Table 1.) 

SUMMARY 

This paper describes a seed-borne bacterial disease of beans causing 
wilting and death of seedlings, and wilting, dwarfing and sometimes break- 
ing over of older plants. It is known to occur in South Dakota, I^Iichigan, 
Montana, Virginia, Maryland, Prance and Germany. 

The causal organism, Bacterium flaccumfaciens Hedges, has been isolated 
and infection repeatedly obtained through pure culture prick inoculations 
with subcultures from single colonies. Stomatal infections common in bean 
blight pAa^e(>K), do not occur. 

Artificial infection also has been produced upon soy bean, but the dis- 
ease is not known to occur naturally upon this crop. 

Bean wilt is much less noticeable upon the pods than is bacterial blight 
(Bad. phaseoli) and might be easily overlooked, but the bright yellow 
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mfected seeds of white seeded varieties are very conspicuoiis. They are 
common even in hand picked commercial seed following a season in which 
much wilt has occurred. 

Observation and experiment have shown that the disease is transmitted 
through the seed in which the organism has been known to remain alive 
and virulent for five years. 

As a control measure, the use of clean seed from wilt-free fields gives 
the most hope of success at present. The use of bean straw as fertilizer or 
feed should be avoided. Experiments on seed treatment and soil infection 
by Bwct, flaccumfaciens are under way. 

A technical dsecription of the causal organism and a detailed account 
of its cultural characteristics are given. 

Some comparisons of Bact, flaccumfaciens and Bact. pkaseoli are given, 
and a table of cultural tests for differentiating the two' organisms is 
appended. 

Bureau of Plant Industry, 

Washington, D. C. 
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EXPLANATION OP PLATES 
PLATE L 

Pods and seeds infected with Bact, fiaccumfaeiens 
Photo, by James P. Brewer 

A. Badly infected seeds in pod of Navy pea bean which showed no sign of in- 
fection externally (compare B). Bacterial layer nnderneatli the seed coat, ^'ery im- 
feetious colonies plated from X, Coll. Michiganj Sept., 1922. About natural size. 

B. Exterior of pod shown in A. 

C. External infection on mature pods of Early -Wonder. Olive greenish discolora- 
tion along suture. One of these might be easily overlooked. All contained infeeted 
seed. Coll. Michigan, Ang. 24, 1923. Natural size. 

PLATE II. 

Bean plants infected with Bact. flaeeumfaeieiu 
Photo, by James P. Bre-wer 

A. Lazy Wife pole bean 2 months after prick inoculation below first pair of 

leaves. Whole top of main stem defoliated and dead. All leaves on lateral branch 
discolored and wilted. Pod contained diseased seed. nat. size. 

B. Navy bean 9 days after prick inoculation below first pair of leaves. % nat. size. 

C. Bact. flaccumfaciens on 7 varieties of beans 4 weeks after inoculation by prick- 
ing. 1/6 ea. nat. size. 

B. Checks for preceding. 

E. Wilt in Navy bean plants grown from diseased seed planted in sterilized soil 
in the greenhouse 5 weeks old. % ca. nat. size. 

PLATE III. 

Pods and seed infected by inoculation with Bact. ftaccumfaciens 
Photo, by James P. Brewer 

A. Pods of Lazy Wife pole bean 14 and 15 days after prick inoculation showing 
greater susceptibility of the seed. Natural size. 

B. P'ods of Lazy Wife pole bean 4 weeks after prick inoculations in the pedicels. 
Pods withering and yellowish green. Seed infected. Natural size. 
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THE ^H^LACK DOT’’ DISEASE OP POTATO^ 


B. T. Picks ON 

The increasing importance of the potato crop to human welfare needs 
no stressing, and one has constantly in mind the numerous diseases to which 
that crop is heir. This paper deals with a disease which is quite cosmo- 
politan in distribution and yet comparatively little known. Such a state- 
ment justifies the inference that it cannot he of prime importance at the 
moment ; nevertheless, information regarding it should be available. The 
study has been carried on since the late summer of 1921, and further work 
is still necessary to determine accurately its economic significance. It is 
variously known as dartrose, anthraenose, foot rot, and black-dot disease. 

HISTORICAL 

In the summer and early autumn of 1921 at, and in the vicinity of, 
Macdonald College, the author observed a peculiar premature dying down 
of the tops of potato plants, and investigation revealed the fact that the 
condition of the plants was due to attacks by a fungus belonging in the 
Coll&totrichum-Vermicularia-Volidella group. This was reported (13) 
under the name black dot” disease, which is an excellent descriptive name 
given by Me Alpine (20) to a similar affection of potatoes in Australia; 
and, since what appeared to be the same disease had been ascribed by 
Ducomet (16) to Vermicularia varians, the present author also ascribed it 
temporarily to that organism. However, certain growth characters of the 
organism rendered it necessary to make a more detailed study, the results of 
which appear herein. 

A survey of the literature available gives the following references to the 
same or closely related diseases and organisms. 

In 1825, Link (19) described Exmporium maculans as occurring on 
potato stems in France and Belgium. Pries, in his index to Volume III 
of the Systema Mycologicum (1829), gives E, maculans Lk. as a variety 
of Vermicularia dematium Fr. which also occurs on potato stems. While 
spore sizes are approximately the same, those of V. dematium are falcate, 
and those of E. maculans straight or but slightly curved. On this basis 

1 Read before the Botanical Section of the British Association for the Advancement 
of Ijeaining at the Toronto Meeting, August, 1924. 
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Desmazieres (12) renamed it Yermicularia mactilans^ which was accepted 
by Pries in his Summa yegetabilinm Scandinaviae ... of 1849. 

Berkeley & Broome (2), in 1850, reported Vermicularia airameniaria on 
decaying potato stems, forming inky-black patches and distinguished at once 
by its straight spores. Concerning V, atramentaria, the statement appears 
in the Sylloge Pungorum III, page 228 : “Verm, maculans (Lk.) Fr. Summa 
V. S. p. 420, Kickx PL PL I, p. 405, valde affinis est, nisi eadem ac. Term, 
atramentaria B. 

Caspary (7) published an account of a similar organism found on potato, 
which he called Steirochaete solani. The genus Steirochaete A. Br. et Gasp, 
is recognized in the Sylloge Pungorum, page 592, as: ^S^’erisimiliter totum, 
genus cum Collet otrichiim confluit’^ (see also Eng. u. PrantL I, 403) ; and 
concerning S. solani, Caspary is quoted: “An eadem ac Vermicularia 
maculansf^^ 

Between 1841 and 1859, Westendorp (28) noted Vermicularia her- 
larum on decaying stem of potato and other plants. In the Sylloge Pun- 
gorum III, page 226, the spore size is given as 3-4 M- by 20-22 and the 
following statement occurs: “Longuis distat a Verm, airameniaria B. et Br. 
(? ^Verm. maculante (Lk.) Desm.) ob perithecia majora ab laxe sparsa.’’ 

Hallier (17), in 1875, considered that a Krauselkrankheit of potatoes 
was due to an organism developing black sclerotial bodies clothed with black 
setae, which he named EMzoctonia tahifica. This particular organism 
Pethy bridge (23) showed to be the sclerotial stage of a Collet oiricKum, 
which he therefore re-named Collet otrichnm taMfictim (Hall, pro parte). 

In 1881 Saccardo and Eoumeguere (25) recorded V. orthospora with 
spores 4x22}^ occurring on potato stems, and about the same time V. 
eupyrena with spores 4-4,5 by 20-26 M- occurring in ^ ^ caule denique decor- 
ticate emortuo Solani tuberosa'' was noted by Saccardo (24). 

In 1886 Brunaud (6) described from the environs of Saintes, Prance, 
Sclerotium solani characterized by a black interior on dry potato stalks in 
winter. No spores were found, but it may be the same organism with wdiieh 
we are concerned in a slightly modified condition. 

In 1894 Halsted (18), wdiile working wdth potatoes, observed in con- 
nection with a stem blight a fungus which he considered to be V. air amen- 
twria B. et Br., and regarding which he reported: “the amount it has to 
do with causing the destruction of the crop is an open question. '' 

Recent attention was first drawn to the disease by Dueomet (16), wdio 
described the organism from France as Vermicularia varians, such species 
name being suggested, no doubt, by the final statement of his description : 
“Espece variable, evoluant vers le Phoma ou inversement vers les Colleto- 
trichum et Gloeospormm.” Me Alpine (20) noted its occurrence in Aiis- 
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tralia, pointing out that he could not find pycnidia in any of his specimens. 
In the same year, Manns (21) studied dry rot of the potato due to Fusarium 
oxysporum Schlecht, and observed: "it is common to find associated with 
the Fusarmm^ and likewise penetrating the tuber sometimes to a depth, of 
one-fourth to one-half inch, a fungus of the genus Vermicularia/^ 

Doidge (15) reported from South Africa what is appareuvly the same 
disease as that described by Ducomet. 

In 1915, O’Gara (22) published a full description of Colletotrichum 
solanicolum sp. nov. which he found in many potato fields in Salt Lake 
Valley, Utah. The organism confined its attacks mostly to underground 
parts, invading the cortex. The spore size given is 3.5-5 by 17-22 and 
he notes that the organism is related to V ermicularia, 

Taubenhaus (27), in the following year, dealt with silver scurf of the 
potato, and in the course of his studies decided that Phellomyces sclero- 
tiophorus Prank is the same as Vermicularia at r ament aria B. & Br., and 
the same as Colletotrichum solanicolum O’Gara. On page 355 he also noted 
that Dr. Manns pronounced his Vermicularia identical with Colletotrichum 
atramentarium (B. & Br.) Taub. 

In 1916, Bewley (3) gave a description of a tomato disease which was 
attributed to Sclerotium setosum Bewley and Shearn. In correspondence 
Dr. Pethybridge informed the writer that he had submitted a culture of 
C. tahificum to Dr. Bewley, who had agreed that S. setosum was the same as 
C. talificum (4).^ 

In 1923, Averna-Sacca (1) reported a destructive anthracnose of potato 
from Sao Paulo, Brazil. Affected plants could be pulled without effort, 
and under the cortex of subterranean parts C . solanicolum O’Gara occurred. 
The spore size given by Averna-Sacca differs somewhat from O’Gara ’s in 
width. 

Brittlebank (5), in a discussion of tomato* diseases, states that "black 
dot” root disease has caused considerable loss to tomato growers for the 
last fifteen years in Victoria, Australia. Eeeently Chaudhuri (9)^ pub- 
lished an account of Colletotrichum biologicum also causing anthracnose 
of potato in Germany. 


GEOGRAPHICAL DISTRIBUTION 

Prom the above historical account it would appear that the same or 
closely similar diseases are cosmopolitan in occurrence. Localities from 
which reports are available to the writer include Quebec, New Brunswick, 
and Prince Edward Island in Canada (Dickson); New Jersey (Halsted, 


2 Received since the B. A. meeting. 
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18), Ohio (Maims, 21), Utah (O’Gara, 22), Florida in 1905, Oreo*on in 1916 
(Dr. W. W. Gilbert in correspondence with the author), Pennsylvania in 
1921-24 (W. A. McGubbin and Dr. Freeman Weiss in correspondence), 
Delaware in 1916 (Tanbenhaus) and West Virginia in 1922 (Dr. N. d. 
Giddings, in correspondence) in the United States of America; England 
(Pethybridge) ; Ireland (Pethybridge, 23) ; Australia (i\Ic Alpine, 20) ; 
South Africa (Doidge, 15) ; France (Ducomet, 16) ; Brazil (Averna-Saeca. 
1) ; Germany (Berkeley & Broome, 2, and Chaudhuri, 9) ; Italy (2 atid 24 1 ; 
and Belgium (2 and 28) . 


SYMPTOMS 

General, The first symptom is a slight yellowing of the foliage, begin- 
ning at the tips and gradually involving entire leaflets. At the same time 
a rolling may be noticed similar to that occurring in such stem infections 
as those caused by Bhizoctonia solani, Fusaruim oxysporum^ and B. afro- 
septicus. This symptom has been well described by Crepin (10), who 
calls it ‘'enroulement flasque’’ (flaccid rolling) and differentiates it from 
the condition in 'Ueaf-rolP' or "‘Leptonecrosis’^ of Quanjer. It may ap- 
pear comparatively early in the season if infection is heavy and early, and 
if the weather becomes dry, but usually it is a midsummer to* autumn symp- 
tom. In ordinary eases the foliage gradually yellows, droops, and dries 
up, so that affected plants present the appearance of dried mature tops 
some three weeks earlier than unaffected plants in the same plot. In dry 
periods, the shrivelling and browning of the foliage and stems occur much 
more rapidly, as was the ease with certain plants in 1921. Crepin notes 
that where desiccation is relatively slow, axillary buds become swollen, 
and in certain varieties (Hollande du Gatinais, Violette du Forez, etc.) 
aerial tubers develop, sometimes abundantly. 

Early infection, especially if accompanied by adverse environmental 
conditions, causes a definite dwarfing of parts of the plant developing 
under those conditions. 

Underground Paris 

Stems. The stem is commonly affected from just about ground level 
down to the parent tuber, the actual zone being determined by whether 
infection occurred from selerotia on the parent tuber or from the so*il or 
debris. The cortical tissues are invaded and broken down so that it is easy 
to scale them from the dry stem, as shown in PL lY, fig. 3. The mycelium 
fills the vascular tissues and appears on the inner cireumference of the vas- 
cular cylinder. When the tissues are drying, it is not uncommon to ob- 
serve, after peeling the remnant of the cortex, a delicate but definite 
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amethyst coloration, which is very marked on the inside of the vascular 
cylinder. Pethybridge (23) draws particular attention to this apparently 
usual coloration in material in England and Ireland. 

When desiccation commences, the sclerotial bodies develop in varying 
numbers and with or without setae. They may not only line the vascular 
cylinder on both inner and outer periphery but often occur in considerable 
numbers on the inner surface of parts of the cortical cylinder, which by this 
time is loosened and easily removable. 

Stolons. Similar conditions hold for stolons as described above for 
stems, but it is noticeable that relatively more lesions completely involving 
the tissues occur in stolons than stems. This is of importance in affecting 
yield, since stolons may be attacked at any stage of tuber development. 
Usually the lesion severing connection along the stolon is found from % to 
11/2 inches from the young tuber. When the tuber is dug thus incom- 
pletely matured, it can be seen to carry at its stem end a varying length 
of dried stolon which may or may not show sclerotia. The author has 
examined many potatoes from widely scattered sources, and in almost 
every case the adherence of a part of the stolon to a tuber is an indication 
of the presence of this disease. 

Tulers. The tubers are affected in their development by the cutting 
off of food as a result of stolon lesions, and, since this may occur at any 
stage in growth, it is possible to find tubers just commencing to swell, 
through all grades to large mature potatoes separated from the parent 
system. If very small, the tubers soon rot or shrivel up, but larger potatoes 
may remain until harvest and show no other symptoms than small size 
and the attached fragments of stolons. On the other hand, such tubers 
may be covered on the upper surface, all over, or in patches, with sclerotia. 
This may also happen with a tuber of which the stolon is unaffected. The 
aggregation of sclerotia over the surface varies from rather scanty to close ; 
for example, on one tuber the estimate was approximately 300 in a square 
inch. 

On freshly dug white potatoes, the writer has seldom observed the 
greyish areas, somewhat resembling silver scurf, mentioned by Dueomet 
(16) and Crepin (10), and because of which the former named the disease 
“Dartrose.” Dueomet states that this condition is more easily seen after 
the potatoes have been stored some time, and this the writer can corrobo- 
rate. Pigmented varieties have not yet been studied, but both the above- 
mentioned French authors agree that on purple and red varieties the rather 
rough decolorized plaques are easily seen. 

Euo'ts. The roots are attacked in all stages of development, and they 
also are decorticated. When the roots are pulled, it is usual to observe the 



Fig. 1. Mycelium in triehome cell of completely parasitized potato plant. Camera 

lucida drawing. 


PATHOIiOGICAL HISTOLOGY 

The author ^s studies of the pathological histology have so far not been 
systematic, but in general they confirm the careful work of Ducomet (16). 
In one notable case, a greenhouse plant artificially inoculated indicated a 
complete parasitism. The mycelium apparently grew rapidly up the was- 
cular cylinder of the stems into the leaves, and invaded even the trichomes 
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broken naked vascular cylinder with attached fragments of desiccated cor- 
tical tissues carrying sclerotia. The root lesions account for thc' ease v ith 
which one may pull up the stems of affected plants, since the roots break 
about two inches from the stem. 
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ETIOLOGY 

Ducomet (16) affirmed: ''Le parasitisme de notre espece n’est pas 
doKtenxl^ He pointed out (p. 42) that when Delacroix was studying his 
Bacillus solanincola in 1901 he also found a Fusarmm which appeared to 
correspond with F. lycopersici Sacc., and a second fungus which he thought 
ought to be called a species of V ermicularia. Manns (21) found a Vermicu- 
laria present to the extent of 10.3 per cent among his isolations when work- 
ing with Fusarium oxysporum Schlecht. He states (p. 316) : ^‘When used 
alone it brings about no disease symptoms. If it assists any in bringing 
about the disease, its work is that of a semi-parasite which follows the open- 
ings made by the Fusarium, It is almost invariably present on the under- 
ground stems and roots of sick plants in the field, and upon tubers which 
are carrying internally the Fusarium fungus, showing plainly by means 
of the hand lens at the point of the stem connection. The writer has 
many times taken it from internal parts of the roots and underground 
stems of potato plants which were showing only the first symptoms of 
Fusarium 

Crepin (10) finds that it is common on plants killed by attacks of late 
blight in late August. In Bretagne and at Grignon: ^‘il est vraisemblable- 
ment saprophyte et il nous apparait eomme etant tres repandu.” 

In the original isolations of 1921, the author also found in many plates 
that a Fusarium (probably F, oxysporum) appeared in the cultures, and, 
because of its rapid growth, that organism overran the black-dot organism. 
The latter invariably appeared, however, and the fact remains that in 
approximately half the plates out of some eighty it came up pure or con- 
taminated with bacteria, and in three cases contaminated also with RMzoc- 
tonia. 

Dr. G. H. Pethybridge was good enough to send, early in 1924, some 
material collected in Lancashire, England, in December, 1923. Part of 
this was used for isolation, and a Fusarium appeared in ten of the cultures 
out of twelve, the two others giving pure plates of the black dot organism. 

Undoubtedly, therefore, a Fusarium is very frequently associated with 
our present fungus, but so far the writer's work has led him to* believe 
that tloQ Fusarmm is secondary or associated with the Collet otrichum. 

Experiment 1 

During the fall of 1921 careful collections were made, from affected 
Green Mountain plants, of tubers carrying numerous sclerotia. They 
were washed in mercuric bichloride solution (1 part in 1,000) , for 30 min- 
utes, and eleven hills were planted in the spring of 1922 in the experimental 
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plots of the Department of Botany at Macdonald T\w plants ^’rew 

poorly; they were stunted and weak, and showed all symptoms of ciartrose. 
By September 18, all the tops were dead, while adjtnnin^ rows wert^ lull 
of green tops. The largest tuber obtained was 2 ineiu's long, and the 
majority were about one inch. Every stem exhibited abundant s(d(‘rotia, 
and many showed the amethystine coloration described l>y Pet hyl bridge 
(23). There were ample evidences of stolon infection and tht^ subsecpient 
development of new stolons which in turn were attacked. The tulun's were 
plentifully besprinkled with selerotia. Isolations from the sbmi gave 
cultures of the organism often contaminated by ba(*t(‘ria but rarely by 
Fusarium. 

Experiment 2 

At the same time a plot of 64 Green Mountain potatoes, -with eight hills 
per row, was planted. On July 4th, when the plants were about 3 inches 
high, the following inoculations were made : 

Row 2, with the organism isolated by the author. 

Row 4, with cultures of C. atramentarkmi (by kindness of Dr. Detmers). 

Row 6, with cultures of a Collet otrichnm from West Virginia (sent by 
Dr, Giddings). 

The inoculations were made by carefully removing the soil to a depth 
of about three inches and placing on the exposed stem an agar culture 
about one-quarter inch in diameter. Every effort was made to avoid injury 
to the stem and roots. The results observed on September 20 were as 
follows: 

Row 2, seven plants dead, all stems with selerotia. 

Row 4, six plants dead, all stems with selerotia. 

Row 6, four plants dead, ail stems with selerotia. 

Rows 1, 3, 5, 7 and 8, plants all green; free from disease. 

Isolations from inoculated plants again gave cultures of the black-dot 
organism contaminated by bacteria, but only in three plates out of eighteen 
by Fusarium. The similarity of the organisms used will be discussed below. 

Experiment 3 

In the field it is always possible that Fusarium spp. are present in the 
soil ; in order to obviate this, a set of greenhouse tests were started on Feb- 
ruary 21, 1924. Green Mountain potatoes were treated by the hot formal- 
dehyde method and planted in pots. Both pots and the soil therein had 
been thoroughly autoclaved. On March 15, when the plants were about 
3 inches high, they were inoculated. An examination of the plants on 
June 1 gave the results shown in table 1. 
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TABLE 1. Results of inoculating potato plants growing in pots of sterilized soil 


No. of 
plants 
inoculated 

Inoculum 

Source 

Results 

2 (A)^ 

Quebec organism 

Dickson 

Plants yellowed, wilting un- 
less well watered; stem, 
stolons, roots, and tubers 
with selerotia 

2 (B) 

do 

do 

do 

2 (A) 

Saltation 

Dickson (14) 

Plants showed symptoms 
but wy few selerotia 

2 (B) 

do 

do 

One plant 

do 

2 (A) 

G. taMficum 

1 Isolated from 
material sent by 

1 Dr. Pethybridge 

I Two plants typical as above 

2 (B) 

do 

do 

Two 

do 

2 (A) 

F. mtrians 

Isolation by 

Cavadas 

Two 

do 

2 (B) 

do 

do 

One 

do 

2 (A) 

G. atramentariim 

Isolation by 

Dr. Detmers 

One 

do 

2 (B) 

do 

do 

Two 

^ do 

2 (A)....,.: 

Colleootriclium sp. 

Isolation by 

Dr. Griddings 

Two 

do 

2 (B) 

do 

do 

One, slight infection ; no 
obvious symptoms 


Series (A) : Inoculations with injury by scalpel to stem. 
“ (B) ; Without apparent injury. 


In the above experiment every effort was made to avoid contamination 
by other fungi, and isolations from the soil at the end of the test gave no 
indication of the presence of Fusarium spp. The similarity in results 
obtained with the different cultures will be dealt with later. 

Field tests were made during the season of 1924 in a plot which had 
not been planted with potatoes for at least twelve years. The ground was 
a heavy clay loam, which was very wet during the spring and very dry 
during June. Disease-free seed was planted on June 9; and on July 3 
and 4, six hundred and thirty hills were inoculated as indicated in figure 2. 
Each plant was exposed just below ground level with as much avoidance 
of injury as possible, and a small mass O'f potato dextrose agar culture or 
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dry stem material was applied to the stems, wliicli were at once reeoverecl. 

Examination was made on Sept. 20, 1924, when it was comparatively 
easy to detect prematurely dead tops. The crosses in the diagram (Pig’. 2) 
indicate the affected plants. It %vas noteworthy that in every series an 
amethystine coloration was present on most of the diseased stems. In tlio 
ease of the saltation there were few sclerotia, but tliey were definitely ina-s- 
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¥i(}. 2. Diagram of tlie 1924 experimental plots in which four varieties of potato 
were inoculated with eleven different black-dot cultures. Crosses (x) indicate iiifeeted 
plants. 1, 2, 4=: number of check rows between inoculated rows; M =: fragments of stems 
with sclerotia collected during 1922 and kept dry in a cool place j N = fragments of stem 
with sclerotia collected during 1923 and kept dry in a cool |)lace j S = saltation ; V = sub- 
culture by author from original by Cavadas through Dr. Foex and Dr. Pethybridge^ 
Q = organism iso-lated in Quebec ; T = isolation by author from Lancashire, Eng., material 
sent by Dr. Pethybridge; W^: subculture from original by Dr. Giddings from West Vir- 
ginia; A = subculture from original by Dr. Detmers from Ohio; 21 = subculture from 
original by Dr. Weiss (from wilted plant); 46 = subculture from original by Dr. Weiss 
(stem-end rot of tuber) ; 55 = subculture from original by Dr. Weiss (from wilted plant). 

ent. It would appear from this one season’s inoculations that Green Moun- 
tain and Delaware are somewhat more susceptible than Beauty of Hebron 
and Cobbler. Except with the saltation, it was impossible to distinguish 
any one series from another, either by the effects on the stem, by coloration 
produced, by sclerotia, or by spores. Prom this it is justifiable to infer 
that the various inocula used from such widely distributed sources are of 
the same cosmopolitan organism. This confirms cultural studies on these 
isolations carried on by Scott (26) . 
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Pethybridge (23) inoculated healthy potato stalks and tubers through 
wounds, but, beyond a strictly limited growth in the wound, no develop- 
ment occurred ; and no trace of any kind of rot was set up. He concluded : 

there may possibly be special conditions under which it behaves as a 
parasite or at least as a feeble parasite.’' 

Cavadas (8) carried out some tests in the greenhouses of the Station 
de Pathologie Vegetale of Paris. In two pots the soil was inoculated with 
conidia, in two others with sclerotia; two tubers with conidia, two tubers 
with sclerotia; two plants on the wounded stem at ground level when 8-12 
cm. high; two with conidia and sclerotia without wounding when the plants 
were 8-12 cm. high ; two plants were left as checks. 

Characteristic symptoms were evident in the plants from inoculated 
soil and tubers. With the wounded plants the symptoms were less definite, 
and it appeared that the plants reacted against the parasite to limit its 
action on the inoculated part. The plants inoculated (dissemine) without 
wounding remained healthy. Cavadas concludes that Yermicularia varians 
Due. becomes a true parasite and can give rise to* serious losses only when 
it attacks the plant in early stages of growth. In other cases it is inoffen- 
sive, but it can help in the destruction of the plant if some factor diminishes 
resistance. 

With these conclusions the author can generally agree, as a result of the 
experimental work so far completed. Nevertheless, without further and 
wider observation it is not possible to determine the economic importance 
of the organism, although the author believes it to be more important than 
is generally believed. 

MORPHOLOGY OP THE ORGANISM 

In the course of three years’ culturing, the organism has been grown 
on various media, among which the best were potato-dextrose, Czapek’s, 
oatmeal, and cornmeal agars. Since potato-dextrose was used most, it will 
be the one considered in the followdng description. 

From single spores the first indication is a white, silky, superficial 
mycelium, spreading at the rate of about 8 mm. a day at 21° C. The 
hyaline cells are 10-35 long by 3.5-5 m- in diameter. In about four days 
an amethystine tint, most pronounced in the centre of the culture, begins 
to appear in the submerged mycelium. In a few plates a yellow coloration 
may be evident. Dr. Detmers, in correspondence of March 30, 1923, con- 
cerning C. edrameniarium^ notes that in media of high sugar content ''the 
conidial masses show a characteristic yellow, almost apricot yellow color.” 
Our media contained one per cent of sugar, and the yellow or amethyst 
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coloration was always a sign of superabundant spore foimation. In about 
six days sclerotia begin to appear in concentric rings, and the superficial 
mycelium becomes less apparent until the whole plate is covered with, 
sclerotia. On Czapek's and cornmeal agars the sclerotia are more widely 
placed than on dextrose agar, on which medium they become so nutneroos 
that they tend to coalesce, and often eventually form an almost soIi<l 
black cake. Conidia germinating and growing on the surface of this jigain 
give a coating of white mycelium which is usually rather patchy in d(‘V(dop- 
ment. 



Pig. 3. Photomicrograph of cro&s-sections of sclerotia of Quebec organism. No evidence 
of pycnidia. Cultured on potato-dextrose agar, x 75. 

The black sclerotia, with or without set.ae, vary in size from 100 microns 
to % mm. (Fig. 4). When young they contain oil, and when mature are 
made up of a dark, thin-walled pseudoparenchymatous tissue (Fig. 3), the 
cells of which are 4-9 M' by 10-14 p- in size. No pycnidia have ever been 
observed in our cultures. 

The setae develop as usual with Collet otrichum^ and vary in length fx‘om 
80 to 350 P, tapering from a somewhat swollen basal cell of 5-7 p diameter, 
hyaline at the tip, but darkening with age and showing two to four septa. 
As many as 70 setae have been counted on a single sclerotium. They do 
not always appear in culture, especially if the organism has been sub- 
cultured for a considerable period. In nature they may not always be 
present, but on the other hand they can often be seen with the naked eye, 
especially on the outer periphery of the vascular cylinder. 

The conidiophores develop free or in palisade layers and are subhyaline, 
10-30 P long, cylindrical, tapering to slightly elavate, sometimes curved, 
occasionally branched and from 0 to 3-septate, 
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Gonidia are often developed in tremendous numbers, especially in the 
case of the saltation (14). The writer has counted as many as 174 spores, 
lying like logs in a timber raft, which apparently had developed from 15 
conidiophores. They are pink in mass (except saltation, in which they are 
yellow), hyaline individually, continuous, sometimes slightly curved, some- 
what attenuated at the basal end and round at the apical end, 3-7.5 M- by 
17.5-22 fx, and 1 to 3-guttulate. 

The germ tube usually develops at the apical end or just to one side, 
and appressoria are common in hanging-drop cultures. At times, what 
appears to be a septum is seen in the conidium just at germination, and 
noticeable feature is a swelling of many of the spores to almost twice their 
original diameter, probably due to hydrolysis of some constituent of the 
spore contents with the consequent absorption of water. 

Since this paper was read, the author has received from Dr. Chaudhuri 
a culture of his recently described C. Mologicum (9). Dr. Chaudhuri dif- 
ferentiates his organism from that of Dr. Pethybridge by the absence of 
amethystine fluorescence. Remarkably enough, our first subculture made 
on oatmeal agar developed a beautiful amethyst coloration, and this has 
since persisted in subcultures. Chaudhuri also points out that the sclerotia 
are larger than those of C. solanicolum and the conidiophores longer. The 
present author has found that sclerotial size is somewhat unreliable, inas- 
much as considerable variation may occur; and conidiophores as long as 
30 M- have been found in subcultures from Dr. Detmer’s isolation. He 
also finds two sizes of conidia, viz., 5x22M' and bxHM-. So far, the 
average size of conidia obtained in our subcultures is 3.75 x 17.5-20.6 m-, and 
we have not observed any definite differentiation into the two groups, 
although some spores are but 10-15 m- long. Dr. Chaudhuri remarks on 
the resemblances between C. solanicolum, G. atramentarium, C. tahifioum, 
and C. Mologicum, and as a result of preliminary studies on C. hiologicum 
it appears to the present author to be so closely similar as to justify its 
being regarded as the same. 

TAXONOMY 

Link (19), in 1825, described Exosporium. maculans as occurring in 
winter on dried stems of herbaceous plants; and Pries, in the index (p. 89) 
to Volume III of the Systema Mycologicum, noted it as a variety of Vermi- 
cularia dematium Pr. In 1828, Desmazieres (12) named it Yermicularia 
maculans, for which the following description appears in Sylloge Fungorum 
3,:.228: 



‘ ^ Vermioularia maoulans (Link) Desm. Exs. n. 339, Exosporm7n macidam Link Sp. plant. 
Fung. II p. 123.— Peritkeeiis iniiatis, minutis, aggregatis/, dein confluentibus et 
matricem nigrificantibus, rotundatis, applanatis, setulis concoloribus, spar sis. iascieu* 
latis, apicem versus attenuatis, divarieatis obsitis, denique apice liiantilnis; spornlis 
(paucis) elongatis vel oblongis, rectis, subobtusis. 

Hah, in caulibus plantarum herbacearum, praecique Solani tuberosi et Vtrwm^ ui'ciitis 
in Gallia et Belglo, ’ ’ 

Berkeley & Bro-ome’s (2) V ermiculm^ia appeared in 1850, 

and the technical account in Saccardo^s Sylloge Fungonim, p. 227, is 
given herewith : 

^ ^ Vennieularia atrammitaria B. et Br. Ann. N. H. n. 430. — Effusa, gregaria, atra, niaeuli- 
formisj peritkeeiis minutis superne setulis longis reetis, basi vero fibris repentilnis, 
subepidermicis cinetis; spornlis minntis, eylindraceis, brevibus, utrinque nucleatis, 
(plasmate utrinque retraeto, Berk.). 

Hah, in caulibus Solam tuherosi in Britannia, Italia, Gallia, Balgio, Germania. — 
Verm, mamlom (Link) Er. Summa V. S., p. 420, Kicks El. I. p. 405, Valde affinis 
est, nisi eadem ac Verm, atramentaria B. et Br.^^ 


The statement regarding the close similarity, if not identity, of those 
two organisms is noteworthy. By the kindness of Dr. A. W. Hill, Director 
of Eoyal Botanic Gardens at Kew, England, the author has been able to 
compare them, and finds that the only difference discernible in the exsiccati 
specimens is that of spore shape ; but this appears to be sufficiently definite 
to separate them. Those of V, atramentaria (C, atramentarium) are 
straight cylindrical, rounded at the apex, and slightly tapering at the 
basal end, while those of V. maculam (C. maculans) are straight to slightly 
curved, appearing from a lateral view short glume-shaped in outline. 

Taubenhaus (27) studied the specimens of Vermicularia atramentaria- 
of the New York Botanical Garden, and, concluding that the fungus fits 
in better with Collet at richum, named it C. atramentarium. His own cul- 
tures were submitted to Dr. O^Gara, who pronounced it the same as the 
latter’s C, solanicoluni. Taubenhaus was studying silver scurf (Spondylo- 
cladium atrovirens) of the white potato, and held the view that the sclerotial 
bodies he found were the same as Phellomyces sclerotiophorus Frank, which 
he therefore decided to be an invalid type, since his sclerotial bodies gave 
rise to the Collet otrichum cultures. 

In material obtained from New Brunswick the present author was for- 
tunate enough to culture from the same tubers both the Collet otrichum 
and Spondylocladium — the latter from sclerotial bodies which were un- 
doubtedly stromata of Spondylocladdum atrovirens Harz. It is thus ap- 
parent that both sclerotial bodies may be present on the same tubers, and 
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we therefore eaniiQt agree with Taubenhaus in his conclusion regarding 
the invalidity of Pkellomyces sclerotiophoms Prank, although this does not 
contradict his view that the ColletotricJium is the same as V. atramentaria 
B. & Br. 

Crepin (11) notes that ''Dartrose et gale argentee se presentent sous 
un aspect assez analogue et il faut quelque attention pour les distinguer.” 

Since the B.A. meeting the author has had the opportunity of compar- 
ing exsiccati specimens from Kew of V. herbarum and V. orthospora (= C. 
orfhosponim) . He was unable to find setose sclerotia, conidiophores and 



Fig. 4. Selerotia with setae, Quebec organism. Tips of spores visible at A. x 100. 

conidia of T. herbarum, and therefore unable to decide regarding that or- 
ganism. y. orthospora was closely similar in all respects to our organism, 
except that all the sports were typically larger. It is obviously closely 
related, but, judged by spore size, is not identical. 

Summing up such taxonomic studies as have been made, it may be 
stated : 

1. That the organism causing black-dot disease, anthracnose, or foot rot 
of potato is properly known as Collet otrichum atramentarmm (B. & Br.) 
Taub. 

2. That the following organisms are the same and therefore their names 
synonymous: 0. tabificum (Hallier pro parte) Pethy., Rhizoctonia taMfica 
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Hall. (17), C. solanicolum O^Gara, Yermicularia varicuis M^erotnim 
setosiim Bewley and Shearn, and probably C. 'biologicum (diau<l. 

3. That C, orthosporum (Sace. et Roiiin.) nov. comb, is very closily 
related. 

CONTROL 

No definite experiments relating to control have been nndertaken, but 
from general observation certain facts are plain. The disease otteii occurs 
in poorly drained sections of otherwise healthy fields of potatoes. Tiu^ 
avoidance of such areas is therefore advisable. The sclerotia of the organ- 
ism may remain in plant debris, and perhaps in soil, for more than one 
year; and, if the soil becomes badly contaminated, rotation must be ])rae“ 
tised. Since sclerotia develop on tubers and adherent stolon pieces, seed- 
tuber treatment, preferably with hot formaldehyde, is necessary. Insuffi- 
cient work has been done to warrant conclusions as to varietal susceptibility, 
but Green Mountain and Delaware appear to be more suseeptible than 
Beauty of Hebron and Cobbler. 

SUMMARY 

1. Black-dot disease, dartrose, anthracnose, or foot-rot of potato is 
widely distributed. 

2. The symptoms are similar to those of other diseases due to organisms 
attacking cortical and vascular tissues at and below ground level, but not 
so likely to be acute because of the rather weak parasitism of C. uimwien- 
tarium. On tubers there is frequently considerable simulation of silver 
scurf. 

3. C. atramentarium is a weak parasite, attacking mainly debilitated 
plants or young plants which succumb in early maturity. 

4. Comparative studies show that organisms from England, Prance, 
Germany, United States of America and Canada are the same. 

Macdonald College, 

McGill University, 

Canada. 
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Plate IV 

1. V, atramentaria Berk, and Br. Note individual sclerotia in places and eoufliient 
selerotial masses in others. Mount discolored at bottom. 

2. V. mamlans (Lk.) Desm. Closely similar to F. atramenta/ria. 

3. 19'23 collection of Quebec material. Decorticated tissues at A. Sclerotia con- 
fluent on stem at B. 
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Plate IV 

1. V. atramentm-ia Berk, and Br. Note individual sclerotia in places and confluent 
sclerotial masses m otliers. Mount discolored at bottom. 

2. V. maculans^ (Lk.) Desm. Closely similar to F. atmmentana, 

3. 1923 collection of Quebec material. Decorticated tissues at A. Sclerotia con- 
nuent on stem at B. 









THE VAEIABILITY IN THE BLACK ROT FUNGUS 
OF THE APPLE 

J. S. Cooley and E. Aline Fenner 

The question of the constancy of such physiological processes as the 
pathogenicity of a fungus is always an interesting and important one. It 
is particularly so with those fungi occurring in widely separated regions 
and having a number of unlike host plants. The black rot fungus of the 
apple, PJiysalospora malor%m (Berk.) Shear, has a wide geographical range, 
for it occurs about as far north in Canada as the apple is grown and as far 
south in the United States as southern Georgia. It attacks the fruit and 
leaves of the apple and other pomaceous plants and lives as a saprophyte 
on the dead twigs of a great many other plants (4, 5). Since this fungus 
lives and thrives in unlike environments and on many different hosts, it is 
especially fitted for a study of variation in pathogenicity. This paper 
reports data on the behavior, when inoculated into the apple, of different 
cultures of the black rot fungus from the same locality and also from dif- 
ferent and widely separated regions. It also reports data on the ability of 
the black rot fungus to produce rot after having been grown in culture 
for one year. 

While engaged in the work reported by Brooks and Cooley in an earlier 
paper (1), there was some evidence Fhysalospord malorum from differ- 
ent sources exhibited variability in its capacity to rot apples. It was not 
possible to get any further evidence on this point at that time. In the 
summer of 1923 experiments were begun to determine : (a) whether different 
cultures of Physalospora from the same locality differ from one another, and 
(b) whether Physalospora from one locality differs from that from another. 
In this way, fungi that may have been living for a number of generations 
in a certain environment may be compared with those from a distant local- 
ity where a very different environment exists. 

The general impression seems to prevail among some workers with this 
organism that there are several strains possessing different degrees of viru- 
lence. Miss Walker (7) reports two strains of Physalospora that are very 
different pathogenically and morphologically. Brooks and DeMeritt (2) 
report three strains that show variability in pathogenicity and are some- 
what unlike morphologically. Hesler (4) also mentions several strains that 
vary in their ability to produce rot. 
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The work of Stevens (6) shows that PhijsalosiJora prodiiees a stroma on 
currant canes somewhat different from that produced on apple twi^s. The 
spores, however, were remarkably constant on such unlike substrata. 

In order to determine the variability of different ciiitures, not only 
from widely separated sections but also within a particular region, (niltures 
were obtained from a number of different localities. Ten or more apph^s 
that appeared to be affected with black rot were securetl Irom a <riven 
locality and the fungi isolated. Groups of about 10 cultu)*es wei’e thus 
obtained from Cornelia and Fort Valley, Ga. ; Bentoiiville, Ark.; I . S. 
Agricultural Experiment Farm at Arlington, Va.; tVIiddletown, Roanoke, 
Winchester and Covesville, Va, ; Rockville and Snow Hill, Isld . ; Sa Unn, Ind. ; 
Mont Alto, Pa.; Durham, N. H. ; and Guelph, Ontario. In siane cases we 
were unable to obtain as many as 10 cultures from a locality. Of the 155 
cultures that were used in the inoculations, 97 were isolated in 1923 niid 58 
in 1924. All the cultures were kept under the same environment after isola- 
tion. Isolations were made by slicing off a portion of the apple through 
the sound and diseased tissue and removing a bit of the deeayed i)ul]> from 
the margin of the rot. 

The fruit for inoculation was washed thoroughly, disinfected in a bath 
of 50 per cent ethyl alcohol, and then rinsed in sterile water. Uniformity 
in the fruit of the different lots was secured by selecting as many apples 
of a certain size and degree of ripeness as there were cultures, placing one 
in each moist chamber, and repeating this until eight to ten apples were 
placed in each receptacle. The apples were inoculated by inserting a bit of 
the mycelium in the apple by means of a spear-pointed, sterile needle. After 
the fruit was inoculated, a piece of wet towml paper was placed in each moist 
chamber to maintain a humid atmosphere. The moist chambers were all 
stacked on the same table in the laboratory, where, the temperature ran 
from 20° to 26° C. Previous wmrk (1) indicated that Pliysalospora tlirives 
well on the apple at such temperatures. After five to seven days the apples 
were cut through the point of inoculation or in a plane about midway l)e- 
tween the stem and calyx and the rot measured at the point of its greatest 
diameter. Inoculations and measurements were made on the same day. 
Each experiment was concluded when the largest rots ’were not over 35 to 
40 mm, in diameter. 

In order to compare the rate of growth when mycelium and s|)()res were 
used as the inoculum, an experiment was conducted in which spores were 
used in one series and mycelium in the other. The results in the two series 
were essentially the same, although the rot started somewhat more quickly 
when the mycelium was used. 

In 1923, Grimes apples were inoculated on October 16 and November 2, 
Ben Davis on December 6 and February 8, and Jonathan on December 13. 
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In 1924, fifty-eight additional cultures were secured and used for inocula- 
tions, making in all 155 cultures that were inoculated into Grimes apples on 
October 9, November 8 and November 14. The number of inoculations made 
in the two years wa.s about 6,800. 

The data obtained from these inoculations are summarized in the graph 
(Pig. 1). The length of the lines represents the relative diameter of the 
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Fig. 1. The broken lines give the relative diameters of the decayed areas in the 
inoculation experiments conducted in 1923. Each line represents the average of three 
diiferent experiments involving 8 apples each, or 24 inoculations for each fungus. The 
solid lines give the relative diameters of the decayed areas in the inoculation experiments 
conducted in 1924. Each line represents the average of 2 experiments involving 8 apples 
eachj or 16 inoculations for each fungus. Those marked B were Botryosphaeria rihis and 
thorn m&iked. 0 were B. riMs ohromogena. 


rot. A study of the data before the averages were made shows that there 
is a remarkable uniformity in the size of the rots in the apples inoculated 
with the same culture. It also shows that, in general, the culture that pro- 
duces either a slow or a rapid decay in one experiment will behave in a 
similar manner in other experiments. In other words, the differences in the 
rate of growth of various cultures are fairly constant throughout a series 
of inoeulations on different varieties. One might suppose, if there is a 
decided variation in the ability to produce rot based on environmental 
factors, that the cultures from Canada might represent one extreme, those 
from Georgia another, and that those from Maryland might lie about mid- 
way between, but a glance at the graph shows that such was not the case. 
The cultures from one locality were not materially unlike those from an- 
other. On the other hand, the size of the rots produced in a given time by 
the different cultures from the same locality showed a wide variation. In 
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most groups the largest rot is at least double in size, and in some ceases evcai 
treble that of the smallest rot in that particular group. The cultin-es truin 
one locality varied in the size of the rot produced a])()Ut as much as tiiose 
from another. The average diameter of the rots produ(*ed witiiin a given 
time by the different cultures in many of the groups varied from about 12 
to 24 mm. 

The graph further shows that, with the exception of a fe^v cult ares 
which lost their virulence before the second year, the rot lu'odiu'cd in 1!)24 
was comparable in size with that produced by the same fungus when fri'shly 
isolated in 1923. The cultures were kept at about 3® 0. during liie sum- 
mer of 1924. 

The data on the graph indicate that, if a group of cultures from any oiu‘ 
locality was large enough, it would represent a scries differing from one 
another in only a slight degree. The range of pathogenicity in tlie series 
would be wide, the cultures at one end of the series causing a small rot 
with an average diameter of 5 mm., those at the other end of the series 
causing a rot with a diameter of 35 or more mm, A study of the graph 
shows that one very readily could select a culture from the middle of one 
of the larger groups and set it apart from those at either end of the group 
as being sufficiently different to be a distinct strain. This would be even 
more true if one took for comparison the cultures with lowest and highest 
rotting capacities. It is possible that, if one isolated only a limited number 
of cultures, he might have only those representing a low pathogenicity and 
those representing a high pathogenicity and thus seem to have ample ground 
for two or more decidedly different strains. 

As will be noted, the comparison of the sizes of the rots is made on the 
basis of the simple diameter. This seemed to be the best method, yet it 
has its objections. The comparative measure of the actual rot caused by 
two cultures of fungi in a given time should be based on the volume of 
tissue decayed. If the rotted portions were exactly similar, their volumes 
would be to each other as the cubes of their diameters. An example of tlie 
difference in the end results between the ratio when based on the simple 
diameter and when based on the cube of the diameter may be cited in two 
cultures from Ontario, the diameters of whose rots were 12.7 and 25.3 
respectively or in the ratio of about 1 to 2, while the ratio of the volumes 
would be 2,648 to 16,194 or 1 to 8. 

In order to determine if there were any discernible morphological dif- 
ferences in the cultures that could be correlated with their variation in 
pathogenicity, the cultures were all grown on cornmeal paste and placed 
in the greenhouse under conditions that favored pycnidial production By 
availing ourselves of the discovery of Shear, Stevens, and Wilcox (5) w 
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had the thrill of getting Physalospora to fruit at will. Both the cultures 
isolated in 1923 and 1924 showed the remarkable efficiency of 100 per cent 
fruiting. An opportunity was therefore afforded for observing the pycnidia 
of each culture. No sharp and definite morphological differences were de- 
tected, distinguishing the southern from the northern cultures, or the more 
vigorous rotters from the less vigorous. 

One very interesting discovery was made in connection with the work, 
an account of which is given by the junior author (3). She reported that 
there is another organism causing a rot of the apple that is so similar to 
that produced by Physalospora that the two are indistinguishable macro- 
scopically. Both the chromogenic and non-ehromogenic forms of this 
species were isolated and found capable of producing a rot on apple. The 
cultures marked B in the graph are Botryosphaeria ribis G. & D., and 
those marked C are Botryosphaeria ribis f. chromogerua G. & D. A study 
of the data recorded in the graph leads us to conclude that Botryosphaeria 
ribis and its related form, Botryosphaeria ribis chromogena, are both capable 
of producing a rot in the apple. 


SUMMARY 

1. In 1923 and again in 1924 Physalospora malorum was isolated from 
rotting apples in 14 different localities from southern Georgia to Guelph, 
Ontario, and from the Atlantic coastal plain to Arkansas. Groups of about 
10 cultures from different fruits were obtained from each locality, making 
a total of 155 cultures. Inoculations were made in apple fruits in 1923 
with fresh cultures, and in 1924 with both fresh and year-old cultures. The 
total number of inoculations was about 6,800. 

2. In many cases the cultures of the black rot fungus from the same 
locality exhibited a wide variation in the size of the rot produced in a 
given time when inoculated into the apple. In some groups the average 
diameter of the largest rot was more than twice that of the smallest. As 
much variation was found within a group from a certain locality as there 
was between the groups from different localities. 

3. Botryosphaeria ribis and B, ribis chromogena were isolated from rots 
resembling black rot and when inoculated into the apple produced a similar 
rot. Both the chromogenic and the non-ehromogenic forms of Botryo- 
sphaeria exhibit a variation in pathogenicity that is not unlike that ot 
Physalospora, 

4. The rots produced by Physalospora and by the two forms of Botryo- 
sphaeria wem mdistingaishsible. 

■Bureau of Plant Industry, 

Washington, D., C. ■ 
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THE COTTONY LEAK OF EGGPLANT FRUIT CAUSED BY 
PYTHIUM APHANIDERMATUM 

CharlesDrechsler 

In connection with a stndy of the genus Pythium pursued for several 
years, the waiter has found it expedient to test out the pathogenicity of the 
various types encountered, by inoculating them into certain plant products 
obtainable on the market. An assortment including, for example, water- 
melons, cucumbers, squashes, potatoes, and cabbage has been found to pro- 
vide a suitable variety of host materials, the reactions of which together 
give a general indication of the virulence of any particular organism tested. 
Eggplant {Solanum melongena- L.) fruits were similarly found convenient 
and have been employed to some extent. They appear subject to attack in 
varying measure by a considerable number of strains of the type dis- 
tinguished by smooth oogonia, subspherical sporangia (or ‘^^conidia^’), and 
the production of cottony aerial mycelium, that have been assigned largely 
through custom to Pythium deharyanum Hesse. However, these forms 
were in all cases less energetic in their parasitism than Pythium apkanider- 
matum (Edson) Fitzpatrick. Strains of the latter, whether derived from 
cucumbers affected with cottony leak,^ from watermelons affected with buff 
blossom-end rot, from pea roots affected with root-rot, or from dead female 
rootknot eelworms, Gaconema radidcola (Greef) Cobb,, uniformly proved 
very rapid in bringing about destruction of inoculated* specimens. 

That such parasitism is not confined to experimental material became 
evident through the receipt from C. D. Sherbakoff of a culture of a fungus 
isolated from diseased eggplant fruit collected by E, L. Felix in a field 
near Knoxville, Tennessee, September 18, 1923, According to a communi- 
cation from Mr. Felix, the fungus in question had been responsible for an 
estimated loss of one per cent of the crop. It was readily identified as 
Pythium aphanidermatumy exhibiting the characteristic morphology of this 
species — ^numerous swollen digitate or lobulate processes that promptly de- 
velop into- multiple sporangia, and sexual apparatus in considerable abun- 
dance, of which the most distinctive element is the intercalary antheridium 
with its dome-shaped or barrel-shaped protuberant part broadly adnate to 
the oogonium. 

1 Breclxsler, Charles. Tlie cottony leak of cucumbers caused by Pythium aphanider- 
matum. Jour. Agr. Res. 30; 1035-1042. 1925. 
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On July 20, 1925, a decay of eggplant fruits similar to that resulting 
from artificial inoculation with Fythmm apli(inide7"maMim was encountered 
in a number of fields in the Yicinity of Bradentown, Florida. Some dis- 
eased specimens were collected and bits of affected tissue planted on corn- 
meal agar, with the result that 18 pure cultures of Pyfhium aphi^nider- 
matum were obtained, each from a separate, individual aftected iruit. A 
close adherence to the morphology represented in isolations of the inngus 
from other sources permitted the identification of these strains with inucli 
certainty. On cucumber fruits they brought about the pronounced sol tell- 
ing of tissue and produced the abundance of extramatrieal mycelium asso- 
ciated with cottony leak. 

The decay of eggplant fruits induced by Pythium wpJmnidermatuni is 
an unusually rapid one, the rapidity being indicated, for example, in Plate 
V, A and B, representing photographs taken, respectively, 48 hours and 72 
hours after inoculation by means of an incision at the blossom end. The 
destruction of the fruit, which measured 125 mm. in length and 110 mm. 
in diameter, was complete 78 houi‘s after inoculation, at which time the 
extramatrieal mycelium had become so pro-fuse as to clothe the specimen 
almost entirely in a cottony weft. Externally the progress of the fungus 
becomes evident in the disappearance of the normal purple pigment, so 
that the affected region is distinguished by a tan coloration rather similar 
to that characteristic of lesions caused by Phomopsis vexans (Sacc. & 
Sydow) Harter. The zonation and surface depression distinctive of the 
latter parasite is absent however, the epidermis instead generally becoming 
minutely wrinkled, and rubbing off from the underlying tissue on very 
slight friction. Internally the advance of the parasite is marked by dark 
sepia-brown discoloration and pronounced softening in texture of invaded 
parts. Although, owing probably to the firmness of the outer tissues, 
affected eggplant fruits are at the beginning somewhat less watery than 
cucumbers attacked by the same parasite, in the more advanced stages a 
brownish liquid usually drains off in quantity. The name “cottony leak’^ 
applied to the cucumber trouble would seem to be equally appropriate here. 

In the fields visited, the occurrence of the disease was confined to limited 
areas where poor drainage was keeping the soil in a soggy condition, espe- 
cially in the furrows between the rows. All of the infected fruits were 
found resting with the blossom-end in contact with the moist ground, to 
which they were cemented, as it were, by a heavy weft of mycelium, so 
that, upon lifting the fruit, masses of soil were found adhering in a moldy 
cake. Infection in all cases appeared to have begun at the blossom end 
and progressed toward the stem end. No high-hanging fruits were found 
affected with cottony leak in any portion of any of the fields, wet or dry. 


1926] Bi^feCHSLER: Cottony Leak of Eggplant 49 

The value of adequate drainage as a method of control is clearly indi- 
cated. The season during which eggplants mature in Florida would seem 
generally too dry to permit the trouble to become a serious one. In the 
absence of pertinent information, it would seem, however, that in the more 
northern latitudes where rains in July, August, and September are fre- 
quently sufficient to keep the ground saturated several days at a time, losses 
from cottony leak might well assume proportions deserving of considera- 
tion. Owing to a certain degree of resemblance, particularly in external 
discoloration, of the affected fruit with fruit attacked by Phomopsis vexans, 
it is highly probable that the disease, where observed, has generally been 
attributed to the latter parasite. Several observers have informed the 
writer that instances of fruit-rot have come to their attention in which no 
indications of pycnidia were to be found on large well-developed lesions. 

It may not be amiss to add that a species of Pythium of the '^debary- 
anum” type was isolated in a single ease of eggplant fruit-rot, which was 
found capable of reproducing the disease when inoculated into the healthy 
fruit. Its effect on the tissues was very similar to that of Pythium aphmi- 
dermahtm, but the rate of destruction was approximately only one-half as 
rapid, and the production of aerial mycelium relatively meager. Undoubt- 
edly, as in the similar disease of cucumbers, the capacity of the extramatri- 
cal mycelium abundantly produced by Pythium aphanidermatum to effect 
penetration through the unwounded external tissues of the host, rather than 
a superior degree of virulence, is responsible for the preponderance of this 
species in naturally infected eggplant fruit. 

Bureau op Plant Industry, 

U. S. Department of Agriculture, 

Washington, D. C. 
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ExpLx\nation of Plate V 

Pio. A. Eggplant fruit 48 hours after inoculation by incision at blossom end with 
pure culture of Tythmm aphamdermatum; lower distal half of fruit tan-colored exter- 
nally, and epidermis folded in minute wrinkles. x%. 

Fig. B. Same fruit as in A, but 24 hours later; exteri'or entirely tan-colored, ex- 
cept a small proximal region at upper left-hand corner of picture; copious development 
of extramatrical mycelium from earliest invaded portion, x %. 
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FOOT-EOT OF LILIITM CANDIDUM AND LILIUM PYRENAICUM 
CAUSED BY PHYTOPHTHOEA CACTOEUM 

C H A E Tj' E S D R E C H S L E R 

On May 2, 1925, a diseased Madonna lily plant, Lilium candidum L., 
from an experimental plot maintained by H. E. Allanson at Tacoma Park, 
Md., in the immediate vicinity of the District of Columbia, was presented 
to the writer for examination. The specimen was submitted as illustrative 
of a trouble responsible for the loss of individuals of this species that had 
occurred from time to time during the preceding weeks. Absence of any 
pronounced premonitory symptoms in the foliage or in the aerial portion 
of the stem was reported to be a characteristic feature, the disease generally 
becoming apparent rather suddenly in a falling over of the entire structure 
above the ground. Once felled in this way, the aifected individuals soon 
withered and died. 

On examination of the specimen, the seat of the malady was readily 
located in the subterranean part of the stem, which, beginning somewhat 
abruptly at a level approximately with the ground line, was shrunken to 
a part of its normal diameter. The parenchyma external to the strands 
of conducting elements was completely collapsed. Both in this tissue and 
in the central pith, the microscope revealed an abundance of non-septate 
intercellular mycelium provided with diverticulate protuberances. Pieces 
of affected tissue from the shrunken region as well as from the marginal 
zone bordering on the healthy aerial part of the stem were placed on corn- 
meal agar plates. Prom each of the pieces the same fungus was thus iso- 
lated in pure culture — a species of Phytophthora producing little aerial 
mycelium, but an abundance of sporangia and oospores. 

On May 28, 1925, a specimen of Lilium pyrenaicum Gouan was submit- 
ted, which had been obtained from the same plot as the Madonna lily, and 
which had succumbed , evidently to the same disease. Except that the 
healthy portion of the stem extended somewhat below the ground line, the 
macroscopic as well as the microscopic findings were entirely similar. And 
from all platings of diseased tissue the same species of Phytophthora was 
again isolated. 

The parasite from the two species of lily was grown in Petri dishes on 
various culture media, parallel with species of Phytophthora with which its 
morphology suggested a possible relationship. A high degree of similarity 
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witli respect to rate of growth and general appearance of thalliis to the 
species most commonly known under the binomial PJiytophihorci cacforuni 
(Lebert & Cohn) Schroeter at once became obvious. This similarity w^as 
equally pronounced with reference to microscopical features. .Measure- 
ments of the diameters of 25 oospores gave an average of 26,4 u for the 
fungus isolated from Lilium candidum^ and 27.1 M- for the form from Ldium 
pyrenmeum ; while an equal number of measurements of length and ])readtb 
of conidia gave as averages for the two strains 35.7 x 27.3 and 34.9 x 27.9 .e- 
respectively. These figures show a satisfactory agreement wdtli the aver- 
ages obtained from comparable measurements of the several strains of 
P. cactorum^ including one obtained from the Centralbtireau voor 8eliimmel- 
culturen at Baarn, Holland, another isolated from rhubarb affected with 
foot-rot by W. S. Beach, and four strains isolated from diseased apples 
originating in different localities in the United States. The lily fungus is 
therefore referred to FhytopJitkora eaetonim^ thus adding two additional 
hosts to the list of plants attacked by this parasite. 

In this connection, mention may be made of a serious disease of the 
Easter lily, Lilium longiflorum Thunb., reported by H. H. WlietzeF as 
prevalent in Bermuda in 1921, which was designated as “stump rot’’ and 
attributed to an unnamed species of Phytophthora. According to the ac- 
count of the Bermuda disease : 

‘ ^ The pathogeiie is harbored in the soil. Spores produced at the surface of the 
soil are splashed by falling rain into the crowns of the plants. Here a rot is rapidly 
set up which may destroy the entire stalk down through the bulb. Or only the growdng 
tip may be killed leaving a stump with a rosette of leaves, . . . Attacks shortly before 
dowering are common. In these cases the tip of the stalk alone is usually killed. ’ ^ 

The symptoms described evidently differ widely from those distinctive 
of the trouble that prevailed at Tacoma Park in the spring of 1925, the 
latter being perhaps most similar to those associated with foot-rot of toma- 
toes, attributable to P. cryptogea Peth. & Laff.^ Future observations may 
determine the extent to which the relatively dry season during which the 
American disease developed may have affected its severity or modified its 
character. It is scarcely likely that the difference in specific identity of 
the congeneric hosts could have provided a factor of much importance, since 
the relationship between the Easter lily and the Madonna lily is usually 

1 Whetzel, H. H. Beport of the pathologist for the period June 10 to December 31, 
1921. Bermuda Bepts. Bd. & Dept. Agric. 1921: 30-64. 1922. 

2 Pethybridge, G. H. and H. A. Lafferty. A disease of tomato and other plants 
caused by a new Bpecies oi Phytophthora. Sci. Proc. Boyal Dublin Soc. 15: 487-505 
1919. 
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regarded as a close one — considerably closer than that between the Madonna 
lily and Lilium pyrenaicum. It is not impossible that lilies, like certain 
other hosts, may ultimately be fonnd subject to attack by more than one 
species of Phytophthora, each responsible for symptoms revealing a mea- 
sure of correspondence to, or of distinctiveness from, those induced by the 
others. 

Bureau op Plant Industry^ 

U. S, Dept, op Agriuulture, 

Washington^ D. C. 




OVERWINTERING OF BACTERIUM PRUNI 


H. W. Anderson- 

During the past five years the writer has frequently attempted to 
isolate Bacterium pruni E. F. S. from cankers on peach twigs and from 
the buds during the dormant period, since he felt that Rolf s^ had pre- 
sented adequate proof that the bacteria wintered in these situations. Re- 
peated failures in these attempts, together with the observations on the 
scarcity of cankers in many badly infected peach orchards, led to the con- 
clusion that possibly other methods of overwintering might prevail under 
Illinois conditions. During the past winter, therefore, many isolations 
Avere attempted from all sources which reasonably could be expected to 
harbor the bacteria. 

As a result of these isolations it has been established that the bacteria 
are able to overAAunter in the dead leaves of the peach. No bacteria re- 
sembling B. pruni could be isolated from buds, even when these buds were 
obtained from twigs which had borne heavily infected leaves the previous 
summer. Cankered twigs were obtained throughout the dormant period 
from many localities in Illinois and other states, and several hundred at- 
tempts were made to isolate B. pruni from them, with uniformly negative 
results. No attempt will be made in the present article to present the 
negative results, although they are considered of value, and, if confirmed 
by another season’s work, will be published in detail. 

. Rolfs^ states that cankers on the twigs and limbs are the principal 
sources of infection in the spring” and that ^‘the tissues of the bud may 
likewise become invaded and are often responsible for the early spring 
infection. ’ ’ In regard to overwintering of the bacteria in leaves, he states : 
^^Old leaves on the ground, if well protected from sun and air, may pos- 
sibly harbor the organism for some time, but it is doubtful whether they 
constitiite an important source of infection.” He was able to isolate the 
organism in the spring from inoculated twigs which had died during the 
winter. He does not state that he ever isolated the bacteria from naturally- 
formed cankers after the first year. He isolated bacteria from the buds in 
August but gives no- proof that they live there over winter. He attempted 
to make isolations from dead leaves but was unsuccessful except when they 
were left between blotters in the laboratory from October to June of the 
following year. 

1 Eolfs, T. M., A bacterial disease of stone fruits, K. T. (Cornell) Agr. Exp. Sta. 
Mem,. 8: 381-436. 1915. 

2 iUd,, p. 413-415, 
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Eoberts® states: “The twig lesions are of importance, lio-wever, in that 
in these the causal organism passes the winter. ^ ’ 

While Lewis^ states that the cankers on plums remain in evidence for 
several years, he made no isolations except from fresh eaiikers. 

No other definite statements as to the method of overwintering of the 
bacterium on the peach are found in the various publications on this dis- 
ease. However, it seems to be generally accepted by pathologists and hor- 
ticulturists that initial infection results from the overwintering cankers. 

OVERWINTERING IN LEAVES 

In 1922, isolations were made early in the wdnter from leavt^s from 
beneath peach trees. It was extremely difficult, however, to find entire 
leaves in the spring, and, due to lack of experience, no spots could be 
identified with certainty on the small fragments which were found. Leaves 
placed in wire screens were completely disintegrated before spring. 

During the winter of 1924--25, further attempts were made to* secure 
cultures from leaves. Work was started as soon as the leaves began to 
fall, and isolations were made at least once a w^eek until December. Prom 
the latter part of December until the opening of the buds in the spring, 
isolations were attempted only at intervals of two* or three w^eeks. 

Weather conditions in 1924-25 were very unfavorable for the over- 
wintering of the bacteria. October was extremely dry, allowing the foliage 
to become thoroughly dried. In November several rains soaked the foliage, 
and continued mild weather favored decay. In December w^et weather 
prevailed in the early part of the month, with temperatures as high as 
60° F. A very heavy sleet storm on December 17 and 18 covered all ex- 
posed objects with ice. On the 20th the temperature fell to below zero P., 
and zero temperatures prevailed until the 30th. On the 28th, the tempera- 
ture went to 20° below zero. The ice glaze continued throughout January, 
but warm weather prevailed in February and March. One would expect 
that only a few of the bacteria could survive these extreme conditions. 

Successful isolations were made on January 16, February 25, March 5, 
and April 2, from leaves from the orchard at Urbana, and on March 10 
from leaves from an orchard in Johnson County in southern Illinois. In 
contrast to the abundance of bacteria in platings from the leaves, platings 
from twigs and buds showed only a few yeasts or other fungi. 

INOCULATION EXPERIMENTS 

On June 5, 1925, four cultures were used to inoculate leaves of Elberta 
peach in the University orchard, Urbana. The first two were isolated from 

3Eoberts, J. W., Control of peach bacterial spot in southern orchards U S Dept 
Agr. Bui. 543. 1917. 

4 Lewis, I. M., A bacterial canker of plum twigs. Amer. Micros. Soe Trans 31- 
145-149. 1912. 
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green leaves from Tnnnel Hill, Illinois, on June 1, 1925, while the other two 
were isolated on March 5 from dead leaves collected at Urhana. The first 
cultures, therefore, represent recent isolations from living leaves, while 
the second series represents bacteria overwintering on old leaves and kept 
on artificial media for three months. Weather conditions during April, 
May, and the first week in June had been extremely dry, with practically 
no rain. Consequently no natural infection had taken place in the orchard. 

On June 19 there was no trace of natural infection of other trees in the 
orchard, but abundant infection was observed on the leaves of two twigs 
inoculated with the recently isolated cultures, while lighter infection was 
noted on the leaves of two twigs inoculated with one of the cultures from 
dead leaves. On June 21, infection was observed on the leaves of all the 
inoculated twigs. The position of the spots and the general nature of the 
infection indicated strongly that the infection resulted from the artificial 
inoculation. No spots were found on the cheeks nor any other part of the 
tree, and none had appeared by July 15. 

On June 25, a few^ eases of natural infection were found on other trees 
in this orchard. These were extremely scattered and only one or twm in- 
fected leaves could be found on each tree. Only five trees in more than a 
hundred examined show^ed these scattered infections. 

Isolations were made on June 19 and June 20 from several of the leaves 
from both series, and in every case typical pure cultures of B. pruni were 
obtained. This completed the proof of the identity of the organisms iso- 
lated from the dead leaves. Other inoculations both on leaves and young 
shoots were subsequently made with the same results. 

SUMMARY 

The methods of overwintering of B, pruni have been studied over a 
period of five years. 

While it seems to have been established by others that the bacteria are 
capable of overwintering in cankers, the evidence from a study of the com- 
mercial peach orchards of Illinois would indicate that this is not the com- 
mon source of initial infection. 

No great difficulty has been experienced in isolating the bacteria from 
dead leaves in the spring, and consequently it would seem that these bac- 
teria might be responsible in some cases for the initial infection. 

Just how inoculation is brought about is not known, but, since the bac- 
teria occur in rather large, gelatinous masses in which they are protected 
from desiccation, it may be assumed that these are blown as dust particles 
or in fragments of leaves to the new foliage and, when moistened, readily 
cause infection. 

University of Iulinois/ 

Urbana, Illinois. 
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Elements de Pathologic V^etale, Appliquee a PAgronomie et a la Sylvi- 
culture. By B. Marchal. 312 pages, 148 figures. Jules Duculot, Editeur. 
Gembloux. 1925. 

Tlie science of plant pathology is rapidly growing through the activity of research 
centers in Europe, and, as the author properly remarks, also through the marvelous 
organization of phytopathology in the United States. 

On account of the rapid accumulation of new literature and because of the scarcity 
in the French language of books covering the field, the author has compiled a volume 
embracing the diseases of farm crops, fruits, and forest trees in Belgium. A career of 
thirty years in that country as plant pathologist to the State has given Professor Marchal 
full opportunity to gather material for the book. The author does not neglect mentioning 
the important farm and forest crop diseases in other countries; he pays some attention 
to the more outstanding work done within recent years in the United States, and likewise 
wrdtas on the diseases of cultivated plants in the tropics of the Belgian Congo. 

It is always with interest that a new book on plant diseases is examined. A number 
of questions arise in regard to the organization, method of approach, point of view, 
emphasis, and disposition of controversial topics; consequently one is led promptly to see 
what disposition has been made of these matters. 

The author recognizes that phytopathology, in the larger sense, deals with all phases 
of diseases of plants. These diseases, he states, are on the one hand due to parasites 
(parasitic diseases), and on the other are produced through the action of unfavorable 
factors of environment (non-parasitic diseases). Unfortunately, the author has failed 
to take advantage of a more accurate usage, as have a number of American pathologists, 
in that he uses ^^physiologic diseases synonymously with non-parasitic diseases. This 
type of oversight, however, is not the rule in this book. 

Agents of parasitic diseases belong, he says, to the plant or to the animal kingdom. 
In many countries plant pathology is restricted to plant diseases of vegetable and non- 
parasitic origin. Thus, feeling that the science is a phase of botany, he leaves the 
parasitic diseases of animal origin to the entomologists. It is in this more restriet'ed sense 
that he uses the term plant pathology. 

This book is another example of a work in which the subject is approached through 
the field of mycology and bacteriology. The table of contents is a clear index to his 
manner of approach to the field of pathology. The point of view is obviously one of eco- 
nomic mycology. It is true that in the field of plant pathology he recognizes such phases 
as symptomatology, etiology, hygiene, prophylaxis and therapeutics. No apparent effort 
is made to explain symptomatic features through a study of infection ; no attempt is 
made to link etiology with control ; in other words, the book deals only to a minimum 
degree with analytical plant pathology. The author seems rather more interested in 
descriptive pathology, explaining for each disease discussed something of its appearance 
(diagnosis), brief life history points where a parasite is the cause, economic aspects, strik- 
ing environmental factors, and control. And further, it seems probable that Professor 
Marchal attempts through this book to stimulate particular interest in plant diseases. 
He mildly laments that hitherto phytopathologic questions have not aroused the interest 
in Belgium which they merit. He finds consolation in part, however, through the fact 
that there have been no outbreaks of plant diseases in Belgium sufficiently serious to 
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arouse public opinion. Attention is called to the utilitarian character of plant patholog\, 
public and professional recognition of which is emphasized through pliytopathological 
inspection service, extension service, conferences, congresses, the press and scientihc 
periodicals. 

The author devotes a chapter to parasitism and parasites. He approacdies tlie concept 
of parasitism through a brief excursion into the field of plant physiology. lie defines 
virulence as that property which distinguishes parasites from saprophytes in tlu‘ir ability 
to attack living tissues. This characteristic lies, he holds, in the ability whudi certain 
organisms have of secreting substances capable of breaking down the irnmns ot d«d(mse 
of the host. These substances he classifies as enzymes and substances com])arabie to the 
toxins of pathogenic bacteria. Virulence maybe fixed (constant) or variable; in obligate 
(absolute) parasites this property is constant, while in faculative forms it is variable. 
Through nutritional means, organisms may be induced to exalt tlieir virulence or they 
may suffer loss of virulence. Parasites, depending on their restrictive host-habits, are 
termed polyphagus and isophagus. Immunity results, the author explains, when resistance 
(host defense) is victorious over virulence to the extent that the host is refrfietory to the 
infection. It is pointed out that in plants the subject of immunity has been largely neg- 
lected. Mechanisms comparable to phagocytes do not seem to exist, and while hyphae 
are observed to be englobed and digested, yet nothing similar to antitoxins is implied. 
Host- defense is classified as mechanical (anatomical) and chemical (physiological). 

The specific plan of the book includes Part I, dealing with parasitic diseases of vege- 
table origin, and Part II, Maladies physiologiques. ’ ^ 

The general introductory chapter deals with (a.) parasitism and parasites, and (b) 
means of control, including brief, general discussion of legislative measures, cultural 
measures, prophylactic and therapeutic measures. Discussion of specific diseases begins 
with chapter two, in which about eig^ht pages are devoted to bacterial diseases such as 
blackleg and scab of potato, fire blight, olive knot, and bacterioses of beet, cabbage and 
tomato. In the section on myxomycetous diseases, less than two pages are devoted to 
club root, with probably one hundred and fifty words on powdery scab of potatoes. 
Fungous diseases occupy more than half the book. Two paragraphs are given over to a 
general statement on Phycomyeetes, followed by one-half page on Peronosporales. Less 
than one-half page is devoted to Fythmm de Baryanurrij while JPytJhopMhora mfestam is 
treated less spazingly (six pages, more or less). Due proportion is given over to ?uscomy- 
cetous diseases. 

Apple scab is described in the following order: symptoms, etiology (largely morphol- 
ogy of the fungus), nature of losses, environmental influences, and means of control. 
Destruction of old leaves, fruits and twigs is advised. It is also recommended that 
affected twigs be cut off when pruning. It is advised that the trees be sprayed with 
strong Bordeaux mixture before buds open, again at the petal fall, and once again 
fifteen to twenty days later. In cases where one wishes to give the minimum treatment, 
the dormant spray may be omitted, and only the application after pollination should be 
made. The quantities of spray mixture for various sizes of trees are speeifieally given 
{e.g., 25-30 liters for a tree 8 meters crown diameter; for a hectare, 1,500-3,000 liters). 
Smuts, rusts, polypores and Fungi Imperfecti are more or less proportionately included. 
Just why the author skips over the Fmarium problem is not clear. Loose smut of 
wheat is evidently not serious in Belgium, since the author passes over the seed treatment 
by mere reference; the method to be used is not described. He advises, for Belgian condi- 
tions, the selection of healthy plants for seed, and, where safer methods against; infection 
are desired, it is recommended that the he^ds be protected by enclosing them in gauze. 



1926] 


Book Reviews 


61 


In a section dealing witli black stem rust of cereals, tlie work of Stakman and his col- 
leagues on pliysiologic forms is not wholly overlooked, yet full discussion is lacking. 
Practically nothing is said regarding large scale eradication of barberries ,* he merely 
advises the destruction of aecial hosts when their immediate presence manifestly influ- 
ences the abundance of rust. 

Filterable virus diseases are treated in a eliapter set as an appendix to the study 
of parasitic diseases. The seven or eight pages devoted to these diseases are interestingly 
written! although somewhat lacking in completeness. The characteristic feature of 
Alterable virus diseases is stated: a group of diseases presenting the remai-kable pecu- 
liarity of being transmissible from a diseased to a healthy plant by inoculation or graft, 
without one’s being able to detect in the infected tissues the presence of a causal organ- 
ism. He hardly accepts the ultramicroscopic-bacteria theory, although he does not fully 
reject the living organism hypothesis. Mosaic and other degeneration diseases of potato, 
tomato, and sugar-cane are speciAcally discussed, while mere mention is made of these 
diseases affecting other crops. 

The second part, which treats of non-parasitie diseases, considers the soil, its phys- 
ical properties, chemical composition, effect of lack of water, excess of water, and nutritive 
features. Light, cold, rain, snow, hail, wind, lightning — all are given some attention in 
so far as they are concerned with the subject at hand. Wounds and regeneration of 
organs are briefly touched. 

A key of some twenty pages for the determination, by external characters, of the 
more common diseases is probably commendable as an incentive for someone else to do 
better. One is only reminded of the necessity of much further study on symptomatology 
as such, before valuable analytical keys can be constructed. 

The book is of value as an index to crop diseases in Belgium. It seems doubtful 
that it can be useful as a text: it is too superflcial for class use, and principles are 
largely obscured or not mentioned. For the average student, references to literature are 
most valuable j yet the author has cited no references whatever. 

L. R. Hesler. 

Wmter Botany. A companion volume to the author’s Blant Materials of Becorative 
Gardening. By Wm. Trelease. Second Edition, Eevised. XLir-f 396 pages, 328 
figures. Published by the Author, TJrbana, 111. 1925. 

The second edition of this handy little volume bears the same title as the first, 
published in 1918, and remains, as stated in the introduction, essentially unchanged 
except for a few corrections and the addition of two genera (Casuarina, p. 9; and 
Pyrularia, p. 45). 

The text deals with a total of about 1,100 species and varieties belonging to 328 
genera in 94 families. The arrangement of families is according to the system of 
Engler. This is a desirable feature, since it avoids the confusion of being at variance 
with the standard floras and manuals of the country. From the standpoints of taxon- 
omy and nomenclature, the work is conservative, and the user does not need to grope 
around among unfamiliar generic names nor puzzle 'over hair-split species. 

The volume is profusely illustrated with marginal figures showing the essential 
details of leaf sear, buds, pith, and other important characters. Since descriptions are 
wanting, except for genera, these illustrations are indispensable for the correct identifi- 
cation of species, and because of their uniform excellence they constitute an outstand- 
ing feature of the book. References to literature on winter characters of individual 
species are cited after most of the generic descriptions, and in many cases valuable 
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observations and comments are added. A brief bibliograpliy and a eompreliensive 
glossary are supplied at the end of the text. 

Bracket keys are used throughout, and it is hoped that their eniployineiit com- 
mended itself to the author rather from the necessity of the small pagvs than from 
choice. The key to genera runs through 30 closely printed pages with ovtu* 4(i8 ('on- 
trasting dichotomies. A bracket key of such length, coinpelled as it is, ]K‘('auso of: the 
nature of the material, to use over and over again identieally worded contrasts such 
as ^'leaf scars raised — leaf scars low,* twigs slender — twigs stout; buds superposed — 
buds not superposed,'^ is inherently confusing and is difficult even for the experienced 
to manipulate. 

The reviewer caimot help but feel that the value of the book, especially for the 
use of the non-professional botanist, would have been greatly enhanced if the monoton- 
ously long bracket key to genera could by some device have been broken up into a 
number of distant major divisions, or, better still, if an indented key had i>een con- 
structed instead. If mechanical difficulties alone necessitated the use of a distinctly 
inferior type of key, it seems that a better plan would have been to reduce the scope 
of the work and deal with the material covered in separate parts or volumes, one for 
each of the two or three major floristic regions into which the 1,100 species fall. The 
attempt to treat such a floristieally heterogenous region as the United States and ad- 
joining Canada in a single handbook must inevitably result either in serious abridge- 
ment of the means and methods of classification, or, on the other hand, in a cumber- 
some product. 

If it is maintained that the work deals primarily with decorative species, removed 
from their respective floristic regions, the fact nevertheless remains that numerous forms 
are included which thrive out-of-doors only in the extreme South, Southwest, or in Cali- 
fornia, and, if cultivated at all in the colder parts of the country, they are grown under 
glass, in which case flowers and fruits are frequently available in winter. 

0. 0. Rosendahl, 

Department op Botany, 
University op Minnesota 
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The -field survey as a basis for the phenological interpretation of the plant disease 
epidemic, L. B. Tehon. 

From quantitative records aeeumulated by the State bTatural History Survey in 
its plant disease survey of Illinois, those of three selected diseases — potato late-blight, 
wheat leaf -rust, and apple bitter-rot, are briefly tabulated and the prevalence and in- 
tensity of each correlated with temperature and rainfall by means of climographs. 

From Martin’s data on late-blight we may construct climographs showing July 
temperature and rainfall combinations productive of /^severe blight,” light blight,” 
and ”no blight.” Normal July temperature-rainfall combinations for certain locali- 
ties in the northern and southwestern Illinois potato districts occur outside of the 
limits for blight. The interpretation that both of the Illinois potato regions have tem- 
perature-rainfall combinations not favoring late-blight development is substantiated by 
field records, blight never having been found in the southwest and only rarely in the 
north. 

Similar climographs, based upon field data from Illinois, indicate correlations be- 
tween the intensity of leaf -rust and bitter-rot infection and temperature-rainfall com- 
binations. With adequate field data at hand, this method will measure phenological 
influences with an accuracy permitting considerable practical use. 

The Molumineseence of Omphalia flavida, a leaf-spot fungus, A. H. R. Bullee and 
T. C. Vanteepool. 

Maublanc and Rangel at Rio de Janeiro found the fruit-bodies of StUbum flavidum 
Gke. and an Omphalia on spotted leaves of Mriob^otrya japonica, etc., kept very moist j 
and they concluded that the Omphalia was the perfect stage of the fungus. S. F. 
Ashby, in a recent number of the Hew Bulletin, has proved this connection by the pure 
cultuie method, his isolations having been made from StiTbum heads produced on spotted 
cofeee leaves. The senior author, using sub-cultures of Ashby’s material, discovered 
that the mycelium is luminous in the dark. In further work the authors have obtained 
typical leaf-spots on wounded and unwounded Bryophyllum leaves and on wounded 
Oleander and Ficus leaves. The leaf spots were faintly luminous in the dark. About 
ten days after inoculation typical saffron-yellow so-called Stilbum fruit-bodies began 
to develop at the surface of the infected leaf -areas; and, after another ten days, at 
the edges of the same areas, a few typical Omphalia flavida fruit-bodies made their ap- 
pearance. The mycelium is luminous on bread, oat-meal agar, and malt agar. The 
fruiting structures of both kinds give out no light whatever. No other parasitic fungus 
IS known to produce luminous leaf-spots. Luminous leaves have been produced arti- 
ficially for the first time. 

Organic mercury compounds for the control of loose smuts of wheat and larley and 
barley stripe, I. L. Conn-ers. 

One-hour soak in Uspulun (0.25 per cent solution), Germisan (0.25 per cent solu- 
tion) or Semesan (0.3 per cent solution) at room temperature, gave practical control 
of stripe (ffeiminthosporium gramineum) in Minsturdi barley. Germisan seemed the 
most efeective. Eight per cent of stripe developed in the check plot. The modified 

hot-water treatment failed to control (3.5 per cent). 
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Loose smut in. Kota wlieat and Junior (hulless) barley was not controlled bi the 
above solutions of organic mercury compounds at room temperature. Partial control, 
especially of loose smut of barley, was obtained with the solutions at 45° C. A pre- 
soak in water for one hour increased the effectiveness. Germisan was most eftectivc, 
but it injured the germination of the barley seed. The modified hot-watcr treatment 
eliminated the smuts. The check plots showed over 20 per cent in the wheat and 
nearly 10 per cent in the barley. 

JPrelimin<iry experiments on the control of leaf and stem rusts of wheat In/ sulphur 

dust, D. L. Bailey and P. J. Geeaney. 

Two series of fortieth-acre plots of Marquis wheat at Winnipeg w^ere dusted fort- 
nightly, weekly, semi-weekly, and tri-weekly with sulphur dust. The rate of applica- 
tion of sulphur was 15 lbs. per acre in one series and in the second scries 30 lbs. per 
acre. The plots dusted once every two weeks were rusted as heavily as the checks. 
One application per week had some influence, and two applications per week had a very 
marked influence in controlling rust and increasing the yield. Three applications per 
week at 15 lbs. per acre practically controlled both leaf and stem rust, and the increase 
in yield was 34 bu. per acre as compared with the average of the check plots. One 
plot was dusted at the rate of 15 lbs. per acre when rain seemed iniminent (7 applica- 
tions). The percentage infection and yield in this plot were about the same as in 
the plots receiving two applications per week or a total of 17 applications. 

Second report on dusting for cereal rusts. 0. V. Kightliistgee and H. H. Whetzel. 

The second season’s results in dusting with sulfur for the control of rusts on wheat 
and oats confirms the indications of the preliminary experiments of 1924. They show 
that proper applications of dusting sulfur will control fhese diseases to a significant 
degree. 

The total increase on twenty rod-square plots of winter wheat affected with leaf 
rust only, was 18.5 per cent or 6.6 bushels per acre. The maximum increase on any 
individual plot was 47.2 per cent or 17.1 bushels per acre, while the minimum increase 
was 6,8 per cent or 2.7 bushels. The dusted plots were arranged checkerboard fashion, 
with 20 cheeks of the same size. Infection was reduced on the average, 48.2 per cent. 

The total yield on twenty plots of 2 square rods each of oats, affected with both 
leaf and stem rust, was increased 19.6 per cent or 8.6 bushels per acre. The maximum 
yield on any individual plot was increased 35.1 per cent or 19.6 bushels per acre, while 
the minimum increase was 6.6 per cent or 2.6 bushels. The dusted plots alternated in 
checkerboard fashion with 20 equal sized checks. Infection was reduced, on the aver- 
age, 37.9 per cent. 

There is some indication that excessive applications of sulfur dust may cause de- 
creased yields in wheat. 

Effect of sulfur dust on the development of tlack stem rust of wheat in a natural 
epidmic. E. B, Lambeet and E, C. Stakman. 

Wheat was dusted in several localities in Minnesota in 1925 with precipitated sulfur 
at the rate of about thirty pounds per acre, to determine the effect on stem rust. A 
heavy natural epidemic obtained in most instances. The results support Kightlinger ’s 
statements that sulfur dust controls rust under certain conditions. Time of application 
is a most critical factor. In some experiments, one application virtually controlled rust 
in spite of a heavy natural epidemic. In others, five applications were practically in- 
effective, although the first application was made in advance of appreciable rust in 
the field. Apparently the sulfur is not effective very long after its application. Evi- 
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dently it must be applied just before a spore shower. It does not seem to inhibit 
development of uredinia after plants are once infected. In the hard red spring-wheat 
region, in years when there is a heavy epidemic, it would be necessary to begin dusting 
when the grain is in flower, or earlier, and continue until the hard dough stage, thus 
necessitating five or six applications. No two seasons are alike, and it is doubtful 
whether the proper time could be predicted with even approximate accuracy in any 
given season. (Cooperative investigations by the Office of Cereal Investigations, Bureau 
of Plant Industry, U. S. Department of Agriculture, and the Minnesota Agricultural 
Experiment Stations.) 

Sweet com seed treatment in 19^5. 0. S. Eeddy, J. R. Holbert, and A. T. Eewin. 


All treatments were made at the same time at one place. Liquid treatments were 
for 1% hours at 25^ C. Yield data on which the following table is based were taken 
when the corn was in the canning stage and include only corn prime for canning. 


Treat- 

ment 

Loca- 

tion 

Percentage increase or decrease in yield from seed of 

Country Gentleman 

Canadian 

Evergreen 

Golden 

Delicious 

All 

lots 

Nearly 

disease- 

free 

Diplo- 
dia in- 
fected 

Gibber- 
ella in- 
fected 

Nearly 

disease- 

free 

Dis- 

eased 

Dis- 

eased 

Water- 

soaked 

111. 

Iowa 

0.8 
~ 7,1 

- 5.1 
+ 25.3 

4- 3.8 

4- 9.2 

- 1.7 

- 4.2 

-14.2 

- 6.7 

4- 1.3 
- 15.3 

- 2.7 

- 1.9 

Semesan 

0.4% 

(soak) 

111. 

Iowa 

-h 3.6 
- 1.6 

- 1 - 49.0a 
-{-38.0 

4- 25.5a 

4- 1.5 

4- 7.8 
- 4.2 

4- 3.9 

4- 2.0 

4-14.5 

4-25.8 

4-15.0 

4- 5.4 

Semesan 

Jr. 

(dust) 

111. 

Iowa 

-f 6.3 
- 1.6 

44.7a 

-FS6 7^ 

4-23.6 

4- 8.2 

+ 7.8 
-15.0 

- 8.4 

4- 2.0 

4- 9.2 
-{- 21.8 

■1" 11.9 
+ 3.7 

Uspulun 

0.4% 

(soak) 

111. 

Iowa 

- 1.2 

-12.0 

+ 54.1a 

-1-30.4 

4-24.8 

4- 4.1 

4-11.5 

4.2 

4- 2.0 

4- 0.4 

4-33.6 

4-38.7 

4-17.5 

4- 4.9 

Bayer 

Dust 

111. 

j Iowa 

- 4.3 

- 7.1 

-1-29.9 
-1- 59.5a 

4-19.1 

4- 7.7 

~ 4.5 

- 0.8 

- 2.5 

4- 2.4 

4- 5.3 
4-21.7 

4- 5.0 ’ 
4- 7.5 

Corona 

620 

0.25% 

(soak) 

lU. 

Iowa 

- 5.5 

- 9.3 

+ 33.8a 

4-26.6 

4-14.0 

4- 4.6 

0.0 
- 6.7 

-13.3 

-12,2 

4- 4.6 

4- 35.5 

4- 3.5 

4- 1.0 

Corona 

640 S 
(dust) 

111. 

Iowa 

- 3.6 

- 7.1 

4- 30.5 
4-36.7 

4- 3.8 
4-12.8 

- 1.7 

-14.2 

i 

- 1.5 

- 4.7 

4- 1.3 

4- 12.1 

4- 3.4 

4- 1.1 


a Odds 30: 1 or greater, others less. 


(Investigations by the Office of Cereal Investigations, Bureau of Plant Industry, 
U. S. Department of Agriculture, with the Bloomington (Illinois) Canning Company, 
and the Iowa Agricultural Experiment Station, cooperating.) 
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The dilution method as a means for malcing certain quantitatwe studies of viruses. H. 

H. McKinney and B. W. Webb. 

Although observations have indicated that mosaic viruses increase in plants, this 
assumption lacks definite proof ; and, since questions have arisen concerning the sup- 
posed cultivation of a virus in vitro, it seemed advisable to test the first assumption 
experimentally. 

Eight consecutive dilution experiments with tobacco mosaic from a single plant 
were conducted under greenhouse conditions which insured against accidental infection. 
Since our studies on tobacco mosaic show that infection occurs from soil, this st>uree 
as well as others was guarded closely. 

All dilutions of the virus were made in sterile, distilled water. By inoculating 
the plants of a given experiment with diluted virus from a mosaic plant resulting from 
inoculations with highly diluted virus in the preceding experiment, mosaic was ol.)tained 
in the eighth experiment in practically undiminished amounts from virus -which had 
passed through eight plants and which had been diluted in water equivalent to 
A single water dilution of this magnitude being far too great to produce mosaie, it is 
evident that the quantity of virus increased in the plants. The mosaic mottling w'as as 
illustrated by Iwanowski. All uninoculated controls remained healthy. 

These and chemical fractionation experiments indicate that the dilution method 
offers an opportunity for making certain quantitative studies on the viruses. 

(Cooperative investigations between the Office of Cereal Investigations, Bureau of 
Plant Industry, U. S. Department of Agriculture, and the Wisconsin Agricultural Ex- 
periment Station.) 

New virus disease of tohacco and related plants. James Johnson. 

Ordinarily only one virus disease of tobacco {Nicotiana tahaemn) has been recog- 
nized in literature, namely, tobacco mosaic.’’ Two (or three) other viruses obtained 
from apparently healthy potatoes have been recently described. In addition to these, 
at least six others ma^y affect tobacco and related plants. Descriptions of four of 
these have already been submitted to Phytopathology for publication. These viruses 
are specific as indicated by symtomatology, differential host range, and properties. 
Certain combinations of these viruses may produce quite a different set of symptoms 
and in general appear to be more malignant than when each virus acts alone. Thus 
far, no evidence has been secured showing that the viruses in question can be modified 
fundamentally by passage through differential hosts. On account of the frequent use 
of ''tobacco mosaic” in fundamental researches on the filterable virus problem, it 
seems important that the specific virus used in many of these studies should be more 
thoroughly described. Generally it will suffice to describe the symptoms, if any, secured 
on four or five well selected species together with the resistance to ageing in vitro. In 
other eases, however, additional details may need to be given in order to make a satis- 
factory description. 

The destruction of the chloroplasts in tomato mosaic. Helen Sorokin. 

In the green areas of living tomato leaves affected with mosaic many of the chloro- 
plasts are still normal. As the disease progresses, the chloroplasts disintegrate. In 
the early stages there appear inside of the chloroplasts refractive, crystal-like bodies 
which may be either stationary or actively motile. Next, a blister-like swelling, which 
gradually increases in size, appears on one side of the chloroplast. The chloroplast 
gradually becomes smaller as the blister -like sphere increases in size. Einally the 
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chloroplast disappears entirely, and one or several of the erystal-like bodies can be seen 
inside of the spheres. Here they are practically always actively motile. The spheres 
are almost transparent, but can be seen readily after staining with very dilute gentian 
violet. They are especially abundant in the chlorotic areas of mosaic tissues. They 
are easily destroyed by certain chemicals, while the motile crystaTlike bodies are ex- 
tremely resistant to 80 per cent alcohol, 30 per cent acetone, and weak acids; but they 
are sensitive to weak alkalies. Whether these two types of bodies are causal or inci- 
dental has not been determined. Certainly, however, they are constantly associated 
with the destruction of the chloroplasts. 

A mycetosoan found in tobacco plants with mosaic-UTce symptoms, Philip M. Jones. 

An intracellular mycetozoan has been found in tobacco plants. It occurs only in 
plants with mosaic-like symptoms. Invaded cells become necrotic and the adjoining 
ones hyperplastic. Plasmodia may be found in all tissues except bast fibers and xylem. 

The plasmodia have been cultured in sterilized Knopfs solution from naturally 
and experimentally infected plants. These plasmodia give rise to amoebae or flagellates 
with one flagellum. Mitotic division occurs in both. Flagellates are formed also by 
conjugation in pairs of gametes produced from chromidia discharged by the nuclei of 
mature amoebae. Both amoebae and flagellates encyst. On germination, the cysts 
produce amoebae which fuse into plasmodia. These soon become granular and vacuo- 
lated and form free spores in a row the nuclei of which discharge chromidia preceding 
development of three- to sixteen-cyst spores. The cyst spores germinate and produce 
the amoeba limax. The organism is Flasmodiophora tabacum n.s. Similar organisms 
occur in potato plants affected with either mosaic or leaf -roll and tomato plants affected 
with mosaic. Work is in progress on the etiological phase of the problem. 

Incubation period of aster yellows in its insect host, L. O. Kxjnkel. 

Transmission experiments indicate that the virus of aster yellows passes through 
an incubation period in its insect host, Cicadula sexnotata Fall. The length of the 
incubation period has varied somewhat in different experiments. In the case of nymphs 
a period of two weeks or more must usually elapse before non-viruliferous insects ex- 
posed to a diseased plant are able to transmit yellows to healthy plants. The incuba- 
tion period is somewhat shorter in adult insects where it usually lasts from six to ten 
days, Viruliferous insects apparently never lose their ability to transmit yellows. 

Inhibition of mosaic infection, O. H. Elmer. 

Experiments indicate that diluting the juice from mosaic tobacco with juice from 
healthy plants causes an inhibitory eft'ect on the mosaic virus. Dilutions were made by 
mixing one cc. filtered juice from mosaic tobacco with nine cc. filtered juice from bean, 
cucumber, and tobacco plants. Control inoculations were made with the virus diluted 
in water. 

After the mixed juices had stood 7 to 14 days, inoculations of tobacco resulted as 
follows: Three series of inoculations with virus diluted with bean juice resulted in 6 per 
cent infection, compared with 100 per cent in the controls. When the virus was diluted 
with cucumber juice, infection was reduced 53 per cent and the average incubation 
period was lengthened three and one-half days. Inoculations with virus diluted with 
healthy tobacco juice resulted in reducing infection 60 per cent and in lengthening the 
incubation period six days. 

When the mixed juices stood 21 days, the percentage infection and incubation period 
were similar to that in the controls. Such inoculations were made with mixtures of 
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virus in bean, cucumber, and tobacco juice that had shown marked inhibition ten days 
previously. It appears from these trials that healthy plant juices produce an iiihibitory 
effect on mosaic virus, but that this effect is not permanent. 

The relation of the seed-corn maggot to potato hlacTcleg, J. G. Leach. 

The seed-corn maggot (PhorMa fusciceps Zett.) is an agent of (iissemination, 
inoculation, and hibernation of bacteria capable of causing potato blackleg. Bacteria 
are constantly associated with the insect and are necessary for the normal development 
of the larvae. Bacteria do not occur inside of the eggs, ];)ut are commonly present 
on the surface. Virulent pathogenic bacteria are present in the puparia and emerge 
with the adult. Pathogenic bacteria also are commonly present in the intestinal tract 
and excrement of adult flies. Eggs are deposited in the soil on or near healthy seed- 
pieces or sprouts. On hatching, the maggots burrow into the seed-piece and inoculate 
it with bacteria which spread into the stem, causing blackleg. The insect has been 
responsible for outbreaks of blackleg in fields planted with carefully treated seed from 
fields known to have been free from blackleg. Control measures have not been devised. 

Alternaria tuber rot of potatoes. L. 0. Gratz and Eeiner Bonhe. 

Potato tubers were inoculated by stirring them about in foliage spotted with ‘ ^ early 
blight'^ {Alternaria solani). Infection resulted when the tubers were inoculated and 
stored under either moist or dry conditions, the latter producing the most typical lesions. 
High percentages of infection were obtained under all conditions, but the best results 
were obtained by inoculating moist tubers and drying them before storing. Storage in 
paraffined cloth bags yielded less tuber infection, fewer lesions per tuber, and smaller 
lesions than storage in cloth bags. Tubers packed in soil and leaves had fewer spots 
than those stored in bags. Basement storage yielded higher X3ercentages of infec.tion, 
more lesions per tuber, and larger lesions than attic storage. Almost no infection was 
obtained at 25°, and the rate of development was very slow at from 5 to 7° G. The 
optimum temperature was approximately 15° C. Infection resulted on half grown tubers 
and throughout the season until after digging time, but was practically nil on tubers 
inoculated 20 days after digging. Bruising was an aid, but not essential, to infection. 
The most typical lesions developed when the tubers were not bruised. No lesions w^ere 
observed on freshly dug tubers. The Spaulding Eose No. 4 was the most susceptible 
variety, but lesions were observed and produced on other varieties. 

Some points of view on the plant virus problem. (Invitation paper) James Johnson. 

Virus diseases of potatoes. (Invitation paper) E. S. Schxji/tz. 

Further studies of potato virus diseases in Idaho. (Invitation paper) C. W. Hungerford 

and J. M. Eaeder. 

Transmission of potato spindle-ttiber disease by cutting -lonives and seed piece contact. 

B. W. Goss. 

Successful inoculations for spindle-tuber transmission were made in the greenhouse 
in 1924 by rubbing together freshly cut surfaces of infected and healthy potatoes. In 
1925, under field conditions, 40 inoculations were made by cutting healthy seed with 
a knife previously used to cut infected tubers, and a similar number were made by 
rubbing together the cut surfaces of healthy and infected seed pieces. Both the healthy 
checks and the inoculated seed pieces were from the same healthy tubers and were planted 
in adjoining rows. 
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The contact inoculations resulted in 47.5 per cent infection, 45 per cent questionable 
infection and 7.5 per cent healthy as compared with 32.5 per cent, 47.5 per cent and 20 
per cent respectively for the knife inoculations. In addition to the distinct symptoms 
on the tops and tubers, the yield also was reduced, the average of both sets of inocula- 
tions being 153 gm. per plant for the disease checks, 602 gm. for inoculated and in- 
fected plants, 962 gm. for those considered questionable infection, and 1154 gm. for 
healthy checks. Cutting knives and seed piece contact can transmit spindle-tuber, and 
they may prove to be sources of infection in the field. 

jResume of results of recent investigations on potato diseases. (Invitation paper) 

Freeman- Weiss. 

Nuclear phenomena and life history of UrocysUs cepulae. Alphbus Wesley Blizzard. 

The chlamydospores of UrocysUs cepulae germinate, immediately after maturity, by 
the protrusion of a spherical, hyaline vesicle. This vesicle, the promycelium, buds out 
a varying number of hyphal branches which develop immediately into a mycelium. 
Conidia are not produced. 

The mycelial cells (the homologue of the conidia) of the saprophytic mycelium may 
germinate and produce mycelia, thus functioning as oidial spores which serve to propa- 
gate the fungus in the soil. The mycelium grown in vitro is able to infect onion 
seedlings. The cells of the saprophytic mycelium are uninucleate. Conjugation of these 
mycelial cells does not occur. 

The parasitic mycelium is intercellular. Certain of the vegetative hyphae are uni- 
nuclear, but the hyphal cells of the young sorus are all binucleate. Haustoria do not 
develop. 

The spore-balls originate from sporogenous hyphae, each cell of which is binucleate. 
The definitive fertile spore takes its origin from a binucleate, centrally located cell of a 
sporogenous branch, and soon differentiates by a notable increase in size. The young 
spore dominates the surrounding cells of the sporogenous hyphae which are the primordia 
of the pseudo (nurse-cells) spores of the spore ball. The two nuclei of the young spore 
fuse. Thus the mature spore becomes uninucleate. 

Infection and spore germination studies with Puocinia sorghi. M. A. Smith. 

Oxalis corniculata was found heavily infected with Puceinia sorghi throughout Iowa 
during 1925. The earliest infection observed was on April 28 and the latest on June 19. 
Normal aecidial infection was obtained with teleutospores of Puccinia sorghi on Oxalis 
corniculata^ 0. europea and 0. tropaeoloideS) while only pycnidial infection occurred on 
0. valdiviensis. No infection occurred on 0. cernua or 0. rubra. 

In five trials the uredospores of Pucoinia sorghi were placed on a dry substratum 
at a temperature of 25° C., and relative humidities of 90, 95, 96, 97, 97.5, 98.2, 98.7, 99.1, 
and 100 per cent were maintained. Of the uredospores, 54 per cent germinated at 100 
per cent relative humidity; 46 per cent at 99.5; 36 per cent at 99.1; 25 per cent at 
98.7 ; 11 per cent at 98,2, and 3 per cent at 97.5. Beginning September 15, 1924, gei'mi- 
nation tests were made of the uredospores held in the open. During September and 
October, 90 to 100 per cent of the spores germinated; 65 per cent in November; 12.5 
per cent in December; 4.2 per cent in January; 3 to 4 per cent in February; and only 
a trace in March. After April 15, none of the uredospores germinated. 

Changes in hydrogen-ion concentration indxwed by carbon dioxide in relation to the 

germination of spores of Ustilago levis. Mary F. Howe. 

In attempting to analyze the effect of fragments of living plant tissue on the in- 
creased germination of the spores of Ustilago levis, the influence of the carbon dioxide 
given off by the tissue on the hydrogen-ion concentration was studied. 
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Spore suspensions were made by placing the spores in three c.e. of tap water 
in Syracuse dishes. In such cultures it was ascertained that the highest percentage 
of germination occurred at pH 4.9. The colorimetric and electrometric methods were 
used in making this determination. A continuous flow of carbon dioxide liberated into 
the spore suspension from a Kipp generation caused the pH to vary from 6,7 to 4.9. 
A similar variation resulted where the source of carbon dioxide was f ragmcmts of 
living plant tissue. 

Spore suspensions confined in an atmosphere consisting of different percentages 
of carbon dioxide failed to produce this optimum of pH 4.9. However, by a continuous 
flow of carbon dioxide into the spore suspension, this optimum (pH 4.9) was obtained 
as well as a high percentage of germination comparable to that noted in cultures where 
fragments of plant tissues were present. 

Facultative parasitism^ of Alternaria and some other fungi, P, A. Yotjng. 

Selminthosporium gramineum and many species of Alternaria and Macrosporium 
are facultative parasites having wide experimental host ranges. Their failure to infect 
many plants in nature shows that their host ranges are limited. They usually infected 
aseptic seedlings in tubes and leaves in the greenhouse within 2-7 days after inocula- 
tion or not at all. Mycelium generally projected from the lower sides of Impatiens 
pallida leaf spots. Bed infection rings appeared below rings of Alternaria spores on 
sorghum leaves. Diplodia zeas caused a rot of wheat plumules. Hone of the demati- 
aceons fungi used caused rots of wounded apples. Cabbage leaves covered three days 
by shaded bell jars underwent great physiological changes, particularly in transpiration 
control. Susceptibility may be correlated with this change, for dematiaceous fungi in- 
fected many plants covered with bell jars, but few in open beds. Bell jars probably 
did more to augment infection than merely preventing evaporation of water placed on 
the leaves. Eelminthosporium gramineum and three species of Alternaria acted like 
rust fungi in causing green sp^ots in yellow leaves of wheat, rye, radish, and night- 
shade. Perhaps fungous enzymes stimulate formation or delay decomposition of 
chlorophyll in host cells near such leaf spots. 

Infection phenomena of Alterviaria, Diplodia, and some other fungi. P. A. Young. 

Diplodia zeae, Cephalosporium acremonium, Colletotriclmm nigrum, and many 
species of Alternaria, Macrosporium, and Eelminthosporium induce infected wheat 
coleoptiles to form spherical or cylindrical, hyaline to brown bodies on and in the cell 
walls. The name ^ ' callosities ^ ^ has been proposed for these bodies. Their formation 
is a typical reaction of plumules of wheat, oats, rye, barley, pop corn, sorghum, broom 
corn, cabbage, radish, turnip, tomato, soybean, wax bean, pumpkin, muskmelon, and 
Ahutilon theophrasti to infection by Alternaria and Macrosporium. Ko callosities 
appeared in infected cells of the membranes between onion bulb scales. Callosities 
partly or entirely enclose narrow penetration hyphae which often connect them to appres- 
soria or internal hyphae. Wheat coleoptiles infected with characteristically 

exhibit callosities, isolated or numerous brown cells, swollen cell walls, penetration 
hyphae, internal hyphae, and, when stained with Congo red, red discs of altered cell- 
wall material surrounding infection points. Such red discs were seen in wheat cells 
infected with CoUetotrichum and Cephalosporium. Alternaria caused auto-stained brown 
discs to appear at infection points in sorghum coleoptiles. Mechanical injury alone 
caused brown discolorations of wheat, sorghum, and broom corn coleoptile cells. In- 
ternal hyphae of Alternaria occurred in swollen cell walls of wheat, cabbage, and 
muskmelon. 
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Downy mildew (Sclerospora graminicola (Sacc.) Schroet.) on the JSver glade Millet 

(Chaetochloa magna {Griseh) Scrihn.), W. H. Weston, Jr., and G. P. Weber. 

The causal fungus of downy mildew of Everglade millet appears to be Sclerospora 
graminicola (Saec.) Schroet. It was collected on Chaetochloa magna (Griseb) Scribn., 
growing wild in the Everglades of southeastern Florida. No other host has been found. 

Its conidial stage, in size, structure and method of development of the conidiophores, 
in the structure, germination and quantitative measurements of the zoosporangia 
(conidia) and the oogonial stage in its development, structure and biometric character- 
istics, agree in their essential features with the representative material of the species 
as it occurs typically on Chaetochloa viridis in Minnesota and other northern states. 
This is the first time, however, that this species of Sclerospora has been found in the 
southern states and the first time also that it has been reported on this host in any 
locality. 

The attack of the fungus usually results in systemic infection, but occasionally 
the disease has been found localized in limited spots on the leaves. During the later 
stages great numbers 'of oogonia develop in the mesophyll tissue of the mature leaves 
which disintegrate and become shredded out into- fibrous tangles. Large numbers of 
oogonia also develop in the inflorescences which grow abnormally into distorted and 
deformed structures. (Cooperative investigations by the Office of Cereal Investiga- 
tions, Bureau of Plant Industry, U. S. Department of Agriculture, and the Plorida 
Agricultural Experiment Station.) 

Studies on Selminthosporium sacchari on sugar cane in Porto Pico. Mel. T. Cook. 

This fungus was first described from Java by Van Breda de Haan in 1892 as 
Cercospora sacchari. Butler transferred it to the genus Selminthosporium. The species 
described from many of the West Indies is considered the same organism as that re- 
ported from Java, India, Hawaii, and other places. It is now considered a very de- 
structive disease in Hawaii and Porto Bico. 

The first destructive outbreak in Porto Bico was in 1923, and the second in 1925. 
The development of the disease is influenced by temperature and moisture. It is excep- 
tionally destructive to young plants, killing great numbers of them in some varieties. 
Its sudden recognition as a serious disease probably is due to the development of new 
varieties, some of which are very susceptible. 

Collet otrichum trifolii and Gloeosporium caulivorum on clover. John Monteith, Jr. 

Investigation of the two common clover anthracnose diseases has shown their dis- 
tribution largely dependent on temperature. On potato dextrose agar, the optimum 
temperature for growth of Colletotrichum trifolii is about 28° C., whereas the optimum 
for Gloeosporium caulivorum is about 20° C. The lowest favorable temperature for 
C. trifolii was 12° C., while G. caulivorum grew at temperatures as low as 4° C. At 
32° C. the Colletotrichum grew rapidly but the Gloeosporium made almost no growth. 
C. trifolii produced spores abundantly at 20° to 32° but not at the lower temperatures, 
whereas G. caulivorum over its whole temperature range gave the typical colonies con- 
sisting almost entirely of spores produced by a process of budding, with practically no 
development of mycelium. Artificial inoculations under controlled conditions indicate 
that this temperature relationship is also similar for infection. The twb fungi produce 
virtually the same di,sease symptoms on clover. C. trifolii causes most damage during 
warm weather, and is especially common in the southern states. G. caulivorum is usually 
found in northern sections or in the South during the cooler seasons. Certain imported 
strains of red clover are most susceptible, while certain American strains are most 
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resistant to both organisms. (Cooperative investigations between the Ofliee of Cotton 
Truck and Forage Crop Disease Investigations, Bureau of Plant Industry, U. S De- 
partment of Agriculture, and the Agricultural Experiment Station of the Unirersitv 
of Wisconsin.) ‘ 

study of Peronospora trifoliorum DePy. on species of Leguminosae. M. K. P.A.TEL. 

, Because of increased acreage of alfalfa, Peronospora trifoliorum is assuming greater 
^onomic importance in the middle west. Its demonstrated host range is limited to 
Medteago saUm L. and M. lupuUna L., although 31 species in 16 genera of legume's 
were exposed to infection with viable conidia of Peronospora. Stock eulture.s are nmin 
tamed readily in Ahe greenhouse on seedling alfalfa plants. In such cultures eonidi-i 

and oospores are formed in abundance. I'l-s umuna 

of af!h1ot”s “ay become systemic, involving parts 

ts from a crown. P. tnfoliorum survives unfavorable growth periods bv 
oospores produced sparingly in the leaves of alfalfa in the late fall Although many 
attempts have been made to show that the mycelium may live over in the ^infec'ted 
plants, no posit ve data have been secured. Conidia placed in water and all S 

'“'It- /'• 

C!., miniinum 4 C., and maximum 29° 0. The snores wmil/! 

germinate on a dry slide in atmospheric humidity of 100 per cent A film of wote 

hyX"bX^ld“h'l"T'T'°”' formaldehyde, acetaldehyde benzalde- 

^ a.pe.na„. « 

In HitfUfl " n>a»»el ea»aje, know»a, laeops, ha> bsen tol.t.a aad 

Tr-- 

fn Q'y •nnv T ^ ^ i^esistanee. is yanable, ranmns' from 7 ^ 

to 95 per cent, depending on the extent of s:oil infestation nnfl L ^ F 

rr^.X‘ r xt; •-» 

than, that of Copenhagen marked’ In 1^04 

1925, ten tons per acre Seed of To. n ’ ^ ^ in 

bage Seed Association and several of thVlero”'^ available through the Muscatine Cab- 
seed-bed method of selection '^- 4 . a v. firms in the middle west. The 

sive generations. The progeny o^seTfed^ t e building up of its resistance in sucees- 
more resistant than the pafent ’ equally or even 

A new Pusarium resistant caPhage. J. C Walkfr Ton>.f iv/r,,-kTr 

WELLMAJf. WALKER, JOHN MONTEITH, Jr., and F. L. 

For some years attention has been given to the dpv»inr,,^o„j. ^ -c . 

strains of mid-season varieties of eshboo-o Tm “®^®l°P“ent of Fusarium -resistant 
selections made frortrvariety alSv ff 
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thoroughly infested soil in southeastern Wisconsin, and has been corroborated in trials 
in a number of other localities. Further evidence is found in the fact that whenever 
individuals of this line have been crossed with susceptible individuals the 'Ft hybrids 
show practically 100 per cent resistance in each case. Because of slight deviation in 
type from the standard variety, and in view of the added character 'of resistance, the 
new strain is to be given varietal distinction. Steps have been taken to. increase the 
new variety for commercial use as soon as practicable. (Cooperative investigations be- 
tween the Office of Cotton, Truck and Forage Crop Disease Investigations, Bureau of 
Plant Industry, U. S. Department of Agriculture, and the Agricultural Experiment 
Station of the University of Wisconsin.) 

Ammonia injury of fruits and ve get 01)168 in storage. G. B. Bamsey and L. P, Butler. 

Brownish -black discolorations of fruits and vegetables, normal in every respect 
except color, frequently have been observed on the Chicago market. Discolored onions 
have been found most often, but peaches, apples, pears, and bananas also have been 
noted showing a similar type of injury. 

The absence of indications of a causal organism, and the consistent association 
with stored products, indicated that the injury had resulted from exposure to a uni- 
formly distributed, deleterious substance while held in storage. This type of injury 
was duplicated, in the laboratory, with ammonia. It was demonstrated that the yellow, 
brown, and red pigment-bearing tissues become brownish-red to dark brown, and in 
some cases black, when exposed to ammonia. The extent of injury is determined by 
the amount of ammonia in the air and the duration of the exposure. The injury may 
be merely a blemish, as in the discoloration of the outer dry color-bearing scales of the 
onion; or it may be serious, as in the softening and browning of the peach. Tables 
showing the degrees of injury of the products mentioned, when exposed to known 
strengths of ammonia for varie<|^ time intervals, are included in the complete manu- 
script. (Contribution from the Besearch Laboratory on Market Diseases of Fruits and 
Vegetables; United States Department of Agriculture, Bureau of Plant Industry, and 
the Botany Department, University of Chicago, cooperating.) 

Chemical injury to watermelons in transit. W. W. Gilbert and F. C. Meier. 

Bailroad companies and shippers have frequently reported injury to watermelons 
caused by contact with chemicals, including fertilizer materials on the floor and walls 
of freight cars. 

Preliminary experiments were conducted last fall to determine whether any chemi- 
cals carried as freight can damage melons and if so under what conditions and the 
character of the lesions. To approximate shipping conditions, both wet and dry chemi- 
cals were used. Some melons were placed directly on the chemicals, while others were 
separated by building-papei or a layer of straw. Pressure equivalent to that normally 
received in the car was applied to half the melons. After 5 days, melons under pres- 
sure showed marked injuries (discoloration, pitting, softening) when in direct contact 
with the following moistened chemicals: acid phosphate, potassium muriate, salt, and 
sodium nitrate. Some damage under the same conditions resulted from ammonium 
sulfate and potassium sulfate. Neither hydrated nor air-slaked lime was injurious. 
Slight damage occurred when ammonium sulfate and salt were used dry and no pres- 
sure was applied. 

Melons under pressure, when protected from wet chemicals by layers of building 
paper, were not so severely affiected. Where straw was used for bedding, even less 
injury resulted. 
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further evidence of the non-transmissiUUt^ of the so-called, sweet potato mosaic. 
James L. Weimee. 

Haney Hall sweet potatoes from vines showing symptoms of mosaic were carried 
through three generations under different environmental conditions, the mosaic symp- 
toms being evident to about the same degree on each. Healthy plants, with vines 
growing intermingled with those of diseased plants, gave no evidence of disease even 
in the second generation. Unsuccessful attempts were made to transmit the disease 
by the usual mechanical means, as well as by grafting halves of diseased and healthy 
potatoes. Likewise, portions of diseased vines were grafted onto healthy rK)ots and 
vice versa. The grafts, following a good growth in the greenhouse, were set in the 
field. The healthy vines, after growing on diseased roots for eight months, were still 
healthy, and the diseased vines on healthy roots remained diseased. A small crop of 
potatoes was produced by all of the plants. Whenever these potatoes sprouted before 
being dug the young plants were diseased if attached to a diseased root, and healthy 
if from a healthy root. 

Sweet potato mosaic and its incubation period of two growing seasons. H. E. BosBN. 

In his first communication on sweet potato mosaic in 1920, the writer called atten- 
tion to the non-communicability of this disease. Macerating diseased material and 
applymg it in various ways, including rubbing of young and old leaves hypodermic 
injections into stems, petioles, and midribs, heavy applications into cavities made in 
fleshy roots, then used for propagation, and grafting healthy shoots on diseased plants 
ail resulted negatively. This was true irrespective of time of inoculation or age of 
inoculated plants. Young as well as old plants failed to show any signs of disease 
during the growing season. This work has now been confirmed by other investigators 
and certainly sweet potato mosaic is not communicable as far as concerns the develop- 
ment of recognizable symptoms during one growing |pason. 

Experiments mad^e by the writer for several years show that the disease has a 
remaikably long incubation period and, even under optimum conditions, no symptoms 
appear in less than two successive growing seasons. Furthermore, there usually is a 

gradual increase in the severity of the disease in the progeny of inoculated plants 

although sometimes the symptoms are pronounced when the disease first appears. ^ ’ 

Fusaria causing buli-rot of onions. Qbo. K. K. Link and Alice A Bailey 

L?n diS2r- 

The species which invariably are pathogenic belong to section Elegans The fol 

momliforme Sheld isolated from section Liseola, Fusarium 

laneous to cinnamon decay. Not all Eusarin ’ 'l t a 1*°^ (“lummied) avel- 

rot are pathogenic. Some 2ll alcSeT w tt I . 

typical bulb-rot produced by nathoireuip K ^ ’bacteria, cause a decay unlike the 

pathogenic Eusaria when bacteria are presenV'" HentM ’l produced by 
which behave in this wav are- V a species of section Elegans 

way are. F. orysporum Sehlecht., F. vasmfectum Atk., and F. 
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hulUgenum Cke. and Mass. F. martii Appel and Wr. var. minus Sh. of section Mar- 
tiella behave similarly. 

(Cooperative investigations between the Office of Cotton, Track and Forage Crop 
Disease Investigations, Bureau of Plant Industry, U. S. Department of Agriculture, 
and the Botany Department, The University of Chicago.) 

PseiMdomonas (Phytomonans)'pisi Sacfcett^ the cause of a yod spot of garden peas. 

0. A. Ludwio. 

A. pod spot of garden peas, first discovered in 1922, has been found due to an 
organism believed to be a strain of Pseudomonas (Phytomonas) pisi Sackett. The 
organism may live in culture and retain its infective capacity without being transferred 
for more than a year, under some circumstances at least. It can attack stems and 
leaves as well as pods. It seldom infects, however, except at some point of injury. It 
infects young, succulent tissues more readily than older, drier ones, and sonie varieties 
more freely than others. Culturally, it behaves very much like Pseudomonas pisi. The 
discovery or development of resistant varieties is suggested as the most promising ap- 
proach to its control. 

A wilt disease of peas in Wisconsin. Maurice B. Lineord. 

A wilt disease of canning peas caused losses in Wisconsin during 1924 and 1925 
second only to those caused by Aphanomyoes root-rot. This newly-observed disease is 
characterized by early and rapid wilting of leaves with or without previous yellowing, 
and without decay or lesions of the cortex of roots or basal stem. It develops, charac- 
teristically, roughly circular patches throughout a given field. These appear early, 
and may continue to enlarge until the crop is harvested. Wilt is most frequently 
destructive in fields which have been heavily cropped with peas. Vascular discoloration 
occurs frequently but not constantly. Fungal invasion of the vessels of the taproot 
and lower internodes is characteristic. 

Isolation of fungi from the vessels of wilted plants from 68 collections of peas 
from 18 counties in Wisconsin yielded cultures which fall into three groups, regarded 
tentatively as three undetermined species of Fusarium. Seventy -five cultures from one 
of these groups have proved pathogenic, while no pathogenicity has been demonstrated 
in the other two groups. 

Green Admiral, a canners' variety, appears highly wilt-resistant, and certain newer 
varieties promise equal or greater resistance. 

Aspergillus decay of cotton 'bolls. Michael Shapovalov. 

A peculiar decay of cotton bolls has been prevalent during the last few years in 
the southwestern states. It appears at first as a soft, pinkish, circular spot and may 
spread over the entire boll. The latter prematurely dries up and becomes filled, and 
covered on the outside with black masses of spores which give it the appearance of 
being affected by smut. It is erroneously known as smut in some cotton-growing sec 
tions of California. The fungus causing this decay is Aspergillus niger. The infection 
is sometimes associated with insect wounds, but frequently such injuries are not ap- 
parent. Successful inoculations have been made of green-picked bolls in the laboratory, 
as well as of growing bolls in the field, by inserting spores of the fungus in scalpel 
stabs or in needle pricks. Up to 100 per cent of infection has been obtained in moist 
chambers and as much as 76 per cent in the field. 
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Cotton wilt studies. V. H. Youjstg. 

Strains of Fusarium vasinfectmru from several states sliowed an appreciable dif- 
ference in tlieir pathogenicity for cotton, and appeared to be distinct strains- Some 
proved extremely pathogenic; others much less so. Later trials showed great variations, 
the last ones resulting in almost no infections, apparently because soil temperatures 
were too low. Loss of pathogenicity in culture must also be considered as a possibility. 

Inoculations with a monosporic strain of Fiisarium vasinfectum, under ordinary 
greenhouse conditions during late summer, and in soil temperature tanks at 30° C. gave 
50 per cent infection under the latter condition and none under the former. Experi- 
ments in the temperature tanks, using temperatures from 22^° to 35° C., gave no infec- 
tion at 25°, some infections at 27^°, and the greatest number at 32^° 0. There was 
still infection at 35° 0. A second experiment gave similar results. The maximum 
soil temperature for cotton wilt infection is higher than 35° C. and the minimum tem- 
perature is near 25° 0. Eesults are not definite as to the optimum point for infection. 

Control of 'brown-'patch in turf. John Monteith, Jr. 

There are two types of brown-patch occurring on lawns and putting greens. Large 
brown-patch is generally limited to periods of hot, humid weather but the small-spot 
type may occur over a much wider range of climatic conditions. The effect of fungi- 
cidal treatments is different with these two diseases. Large brown-patch may be readily 
controlled by spraying or dusting with Bordeaux or other copper sprays. Repeated 
applications of copper salts, however, produce an accumulation of toxin in the soil 
which may seriously injure turf. Small brown -patch is checked by neither organic 
nor inorganic copper sprays. All the mercury compounds tested, XJspulun, Semesan, 
Germisan, Corona 620, Corona 640, and mercuric chloride, controlled both types of 
brown-patch. The period of protection given by the mercury salts varies from a few 
days to several weeks, depending on the amount applied, severity of disease attacks, 
soil, rainfall, and other environmental factors. Formaldehyde, under certain conditions, 
may protect grass from these diseases for a few days, but its effect is not as lasting 
as that of the mercury applications. Sulphur does not check either type, and is toxic 
to grass. 

Studies on leafhopper injury to apple leaves. A. A. Granovsky. 

During the past three years the leafhoppers of cosmopolitan food habits such as 
Fmpoasca 'inali (Le Baron), F. flavescens (Fabrieius) and Cicadula sexnotata (Fallen) 
were present in abundance in apple orchards of the Peninsular region of Wisconsin, the 
first being the most abundant. At the same time various degrees of apple leaf injurv 
have been observed which could not be ascribed to any well known cause. It manifested 
itself in characteristic marginal discoloration of the leaves which gradually progressed 
downward along the lateral veins, often reaching the midrib. This discoloration is 
invariably more rapid on the basal than the apical side of the veins. In ease of severe 
injury, the tips and the distal margins of the leaves curled upward, much resembling 
the ^^hopperburn^^ injury of potatoes. 

Experiments with caging leafhoppers over the terminal spurs of apples indicate 
that this type of discoloration is due to the feeding of leafhoppers. Prolonged con- 
finement intensifies the symptoms. Needle inoculations with the macerated leafhoppers 
produced similar symptoms. The sap of diseased leaves gives a relatively low per- 
centage of infection. The sap of uninfected leaves does not produce the characteristic 
symptoms. It is believed that this type of apple leaf trouble is due to feeding of leaf- 
hoppers and probably to some toxic or infectious agent. 
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Migration and transformation of Bacillus amylovorus in apple tissue. B. L. Nixon. 

The migration of B. amylovorus was traced from needlepoint infection to canker 
formation. Migration of the organism in the form of zoogloea was found in the early 
stages taking place through inter-cellular spaces in the cortical regions. Subsequently, 
the organism penetrates the walls of the phloem parenchyma and medullary-ray cells, 
occupying the space between the walls and the protoplast. In some eases, it further 
penetrates the protoplast of healthy cells and forms a cyst within the central vacuole. 
In this condition the, organism hibernates. With renewed growth of the host in the 
spring, the cysts imbibe moisture and disintegrate. The bacterial masses then escape 
from thfe host cells. These masses uniting with others then appear as the familiar 
exudate. In tracing the migration, it was observed that in certain regions the bacterial 
masses appear to disintegrate. In other regions involution and spore forms occurred. 

Studies of apple scab infection under controlled conditions. G. W. Keitt. 

An inoculation chamber has been devised in which a saturated atmosphere can be 
maintained at a wide range of constant temperatures. Leaves of potted apple plants 
were inoculated by means of ascospores of Venturia inaequalis (Cke.) Wint. naturally 
discharged from apple leaves suspended in the upper part of this chamber. Experi- 
ments thus far performed show that the minimal temperature for infection is not 
more than 6° 0. and the maximal not less than 26°. It is probable that further work 
will extend the lower temperature limit. The optimal temperature for infection was 
near 20° C,, which agrees closely with the optimum for germination of ascospores and 
growth of V. inaequalis. When inoculated plants were held at constant temperatures, 
the minimal periods of incubation observed at the different temperatures varied from 
17 days at 8° C. (lowest temperature tried) to 8 days at 20°. 

The minimal numbers of hours of continuous wetting which have thus far yielded 
leaf infection by ascospores at the temperatures stated are as follows. 6° 0., 18; 9°, 13; 
15°, 8.5; 20°, 6; 26° 10. 

Studies are in progress on the relations of temperature and moisture to the effec- 
tiveness of fungicides commonly used to combat scab. 

Studies on the development of the ascigerous stage of Venturia inaequalis in nature. 

G. W. Keitt and E. E. Wilson. • 

Conditions affecting the abundance of ascospores of Venturia inaequalis and the 
time of their maturity and discharge are of much potential importance in relation to 
the development and prevention of epidemics of apple scab. Consequently, the develop- 
ment of the fungus at Madison, Wis., was studied from a time prior to leaf-fall until 
ascospores were matured and discharged. A marked relationship was observed between 
the time of leaf -fall and ascospore maturity. Under the conditions studied, ascospores 
matured much earlier in leaves which fell in early autumn than in those which remained 
on the tree until late autumn or early winter. Observations and experiments are in 
progress relative to the possible bearing of the time of leaf -fall upon control measures. 

Temperature and moisture were shown to be factors of cardinal importance in 
determining the rate of development of ascocarps. 

Infected leaves were sprayed with various chemicals shortly before leaf-fall in the 
hope of finding a treatment which would prevent or limit the development of the 
ascigerous stage of the scab fungus without serious injury to the host plant. The 
results thus far obtained offer sufficient promise to justify continuation of the ex- 
periment. 
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Studies of crotvngall and callus overgrowths on apple grafts. A. J. Biker and G. W. 

Keitt. 

Isolation studies were made on 227 apple trees, representative of lots of stoclc 
submitted as crowngall rejects by 12 nurseries in six states. Less than two per cent 
of these trees yielded Bacterium tumefadens Smith and Town, Tests of the isolation 
technique on known crowngall material gave positive results from 44 to 46 plants. 

A study of the trees which failed to yield the crowngall organism showed most of 
the malformations to be associated with poorly fitted grafts. Various types of mis- 
fitted grafts were grown experimentally in comparison with well-fitted grafts. Mal- 
formations could be induced or prevented almost at will by the type of fit. An 
examination of samples of freshly prepared commercial grafts from eight nurseries 
showed misfits in sufficient numbers and types to account for all the rootknot reported 
by these nurseries. The following types of misfit appear to lead commonly to the more 
severe callus overgrowths: cion tip long; cion larger than stock; graft too loosely 
wrapped. 

Wrapping grafts with cloth, waxed paper, or medical adhesive tape reduced the 
amount of callus development. 

The results thus far available give promise that the major portion of the callus 
overgrowths at the unions of grafted apples may be prevented by modifications in 
grafting practice. 

Aerial galls of quince. J. A. McCmntock. 

In connection with crowngall studies in Tennessee, two old quince trees, showing 
numerous well developed aerial galls, have been under observation since the fall of 1924. 
Attempts to obtain the crowngall bacterium from these galls have been unsuccessful. 
Hard-wood cuttings made from galled branches of various ages were placed in a sand 
bench in the greenhouse for comparison with similar quince cuttings from younger, gall- 
free trees. Eepeated examination of the cuttings disclosed no additional* gall develop- 
ment, but in all cases where roots did develop on the galled cuttings they grew out 
from the galls. This indicates that the aerial galls on these old quinces are not crown- 
galls, but that they are similar to the ''burr-knots’' of apple and quince described by 
Swingle. 

Eairg root of apple seedlings. J. H. Muncie. 

Three distinct types of hairy root have been observed on French apple seedlings, 
namely: (1) the woolly knot form, arising from a distinct gall; (2) the simple form' 

described by Stewart; (3) the type in which fine fibrous roots arise in clusters from 
the tap root. 

The first type is infectious, and has been induced by artificial inoculation of healthy 
see ings in steamed soil with Bacterium tumefadens, and by growing healthy seedlings 
in soil artificially and naturally infested with that organism. The second type was 
the least common, occurring on seedUngs grown from treated seed in steamed soil. The 
third form was the most common, occurring on seedlings in steamed soil as generally 
as in check plots receiying no treatment. The percentage of this type was not increased 
by infestmg steamed soil with Bacterium tumefadens. Eepeated attempts to isolate 
Bacterwm tumefadens from type three have been unsuccessful, and histological studies 
ave fMled to show the presence of an organism within the hairy roots or near the 
point from which they arise. These last two types on seedlings seem to be non- 
pathogeme forms of hairy root. 
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The .effect of crow%gall o% young apple and peach trees and longevity of Bacterium 

tumefaciens in the soil. J. H. .Muncie. 

Work has been continued on water conduction in galled and normal piece-root 
grafted two-year ‘ ^cut-back ’’ Wealthy, Jonathan, and Salome apple, and budded two- 
year old Carman, Salwey, J. H. Hale, and Elberta peach trees. In 206 isolations from 
84 galled apple trees used in these studies, Bacterium tumefaciens was recovered in 
four cases. In 200 apple trees examined by means of longitudinal sections through 
the middle of the union, 81 per cent of the healthy showed a perfect union of stock 
and scion, while 63 per cent of the galled showed only partial continuity. 

The reduction in water flow through galled Wealthy, Salome and Jonathan trees 
was 69.7, 21.7, and 47.2 per cent respectively. Lateral roots arising from above or 
opposite the gall may in some cases counteract the obstruction offered by the gall. In 
peach the average reduction in water flow through the galled trees is 82.4 per cent. 

Young tomato plants were set in soil infested with Bacterium tumefaciens, and 
inoculated by injuring the stem at the surface of the soil and smearing the wound with 
the infested soil. Typical erowngall resulted up to 102 days after infesting the soil- 
ed wound dressing for plants. I. E. Melhtjs. 

A wound dressing possessing many desirable characteristics has been made from 
the resinous products resulting from refluxing furfural and creosol. It is made by 
mixing one pound each of commercial creosol and furfural (concentrated) with 0.32 
ounces sodium bicarbonate in a reflux condenser and boiling until a resin forms. When 
it becomes slightly brittle on cooling in a thin film on a glass rod, discontinue boiling 
and pour the sirupy mass into a shallow pan to cool quickly. Dissolve this resin in 
equal parts of acetone and furfural. Dissolve four grams mercuric cyanide in a small 
quantity of acetone, and add it to the resin-acetone-furfural mixture. 

This dilute resinous mixture, about the consistency of shellac, can be applied to a 
wound with an ordinary paint brush. It dries quickly, forming a smooth, dark brown, 
amorphous coating both on living and dead tissue. The rate of drying and penetra- 
tion is determined largely by the proportion of acetone to furfural. The plastic and 
amorphous properties can be controlled by varying the degree of condensation of the 
resinous product. Dead tissues are penetrated from one to two inches by the furfural 
in the dressing, while living tissues are not penetrated nearly as extensively by the 
furfural. The resin remains largely on the surface of the wound. 

Control of bacterial spot of peach with sodium silico fluoride. H. W. Anuerson. 

Spraying experiments on peach for control of bacterial spot (shot hole) during 
1925 at IJrbana, Illinois, demonstrated the possibility of control with a spray of sodium 
silicofluoride in water. Preliminary laboratory tests proved this substance effective in 
preventing growth in broth cultures in dilutions of 1-3,000. Seven applications were 
made, ten to fourteen days apart. Various concentrations were used. One containing 
two pounds in 50 gallons of water proved satisfactory. The checks showed from 10 to 
90 per cent diseased leaves on October 1, while very few infections could be found on 
the sprayed trees. It is probable from the dates of infection that only three of the 
seven sprays would have been necessary for control. Sulfur sprays first gave increased 
infection over the checks, due probably to wetting the trees during spraying. Later 
the cheeks were more heavily infected. No injury to the foliage resulted from the use 
of the sodium silicofluoride, neither in the orchards nor in the greenhouse where pre- 
liminary tests were made. This season ’s weather conditions were so abnormal, how- 
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ever, that no assurance can be given that injury will not result in other seasons. Cop- 
per sprays, including two brands of “colloidal” copper and Bordeaux mixture, caused 
serious spray injury. 

Observations on masTcing of ras’pberry mosaic by high temperature. B, B. Wilcox. 

Certain types of raspberry mosaic are masked during bot ■weather. Mottled leaves 
formed during cool weather retain their mottling, but new leaves developed during hot 
w'eather appear normal. Temperature-control chambers were not available to the author 
for a study of this masking. 

Subus innominatus, infected with one type of transmissible mosaic, was found to 
be not only peculiarly sensitive to temperature changes, but recorded these changes by 
very conspicuous leaf markings. Such infected canes, accompanied by a record of their 
growth during the summer, showed correlation between the appearance of seemingly 
healthy leaves and the occurrence of periods of high maximum temperatures. Study 
of this relationship indicates that for this mosaic of Bubus innominatus the critical tem- 
perature is approximately 75° B. (24° 0.). 

A citrus bacteriosis occurring in South Australia. H. K. Lewcock. 

Intermittently during the last decade, particularly in wet seasons, a bacterial dis- 
ease of citrus fruits has manifested itself in the fruit-growing districts of South Aus- 
tralia and Victoria. In some instances, losses amounting to 30 per cent to 40 per cent 
of the crop have been recorded. Such heavy infection, however, has been restricted 
to districts with moderately heavy winter rainfall, vis., 20 to 30 inches. 

The disease develops on tree-ripe fruit during the winter and spring months. In 
the early stages, the dry, reddish-brown lesions are circular or oval in outline, but may 
rapidly extend over a large part of the surface of the fruit unless dry weather inter- 
venes. The diseased tissue is depressed somewhat below the bottom of the normal oil 
glands into the white portion of the rind, but does not extend into the pulp. The line 
between the healthy and diseased tissue is distinct and sharply defined. 

The disease is caused by Fseudomanas citriputeale, first described by 0. 0. Smith 
from Biverside, California, in 1913, under the name of ‘'Black Pit of the Lemon. 

In 1924 the author recorded it from Australia. 

Preliminary notes on avocado fruit decay. Wm. T. Horne. 

Phisopus nigricans Ehr. causes a wound decay of ripe fruit of avocado, and the 
mycelium is capable of slowly penetrating the uninjured surface. The seed is not 
injured. A fungus, probably JDiplodia natalensis Ev., from Elorida fruit, causes active 
dark decay and sometimes destruction of the seed with dry rot. Collet otrichum 
gloeosporioides Penz. and Pestalossia Sp. are conspicuous in decaying Florida fruits. 
California fruits decay mainly from wound infection with species of AUernaria, Clado- 
sporium, Fusarium, and similar molds. The rots produced are slow-acting and rather 
dry. Bacteria of various types are abundant in late stages of decomposition, but appar- 
ently are not pioneers in tissue invasion. 

The take-all disease in Canada. W. P. Fraser, P. M. Simmonbs and B. C. B-ossell. 

In an extensive field survey made during 1923-25 the "take-alP' disease of wheat 
was found causing considerable loss in a large number of spring wheat fields through- 
out the semi-wooded part of northeastern Saskatchewan, between latitudes 52 and 53 
and as far north (25 miles) as was surveyed. "Take-alP^ was found also in north- 
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central Alberta. The disease was not observed in the prairie areas. ‘ ' Take-air ' oc- 
curred on the first crop after breaking, and was more severe on the second crop and 
in fields devoted to wheat a number of years. Mature perithecia of what is apparently 
OpTiiobolus cariceti have been found on Torresia odorata. The mycelium of the same 
fungus was found on Bromus spp., growing in wheat fields. From observational evi- 
dence, it is believed that the take-all’^ fungus is indigenous to this area, and parasi- 
tizes a number of the native grasses, particularly those with rhizomes. In the green- 
house, the Saskatchewan fungus attacked all of the members of the subspecies of 
Tritimm tested. In addition to the susceptible grasses noted by Kirby, the following 
were attacked: Avena JSoolceri^ Bromus inermis, B. latiglumis, B, Borieri, Agropyrofi 
dasystachyum and Elymus innovatus. 

The influence of carbon dioxide and oxygen on the growth of Ophiobolus graminis in 

pure culture. Mtjrley Fellows. 

By varying the CO 2 and oxygen content of the atmosphere it was found that Ophio- 
bolus graminis grows in oxygen contents varying from 0.2 to 21.3 per cent in both the 
liquid and solid media. In the decoction, a gradual diminution occurred as the oxygen 
percentage was lowered. On agar, no marked diminution obtained until the oxygen was 
below 6 per cent. 

A variation in the carbon-dioxide content between 0.9 and 18 per cent did not 
affect the growth of Ophiobolus graminis greatly. Eighteen per cent reduced the 
growth somewhat. In all the carbon-dioxide experiments, the growth curve was bimodal. 
The oxygen content of the various carbon-dioxide concentrations was kept near normal. 

It is not believed that the variations in carbon dioxide and oxygen as found in 
arable soils are great enough to materially affect the growth of Ophiobolus graminis. 
(Investigations conducted by the Office of Cereal Investigations, Bureau of Plant In- 
dustry, IT. S. Department of Agriculture, with the Wisconsin and Kansas Agricultural 
Experiment Stations cooperating.) 

The effect of tillage, fertilisers^ and rotations on the spread of wheat foot-rot. Leo E. 

Melchers and M. C. Sewell. 

Two years ^ additional data on winter wheat tillage plots confirm the conclusion 
reached in a recent publication, namely, that shallow and late tillage checks the rapid 
spread of foot-rot, while deep, early plowing favors its survival and spread. Further- 
more, plots, disced during the summer to keep the weeds down, showed only light infec- 
tion ; keeping the weeds scraped off without further stirring the soil, or merely discing 
at seeding showed no appearance of foot-rot. There appears to be an equal spread 
where, (1) stubble is burned before plowing, (2) where straw is applied and plowed 
under, (3) where straw is applied and disced under. Where straw was applied in 
winter as a top dressing, foot-rot spread uniformly over the entire area treated. 

A series of fertilizer plots, devoted to wheat since 1919, with eowpeas as a green 
manure catch crop every third year, developed foot-rot in 1922. These plots receive 
various applications of phosphate, potash, nitrogen, and barnyard manure, and are 
usually plowed early and deep. The application of these various fertilizers seems to 
have had little influence on the spread of foot-rot during four years ^ observations. 
(Cooperative investigations by the Kansas Agricultural Experiment Station and the 
Office of Cereal Investigations, Bureau of Plant Industry, 0^ S. Department of Agri- 
culture.) 
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The mfluence of temperature upon the metabolism and expression of disease resistance 
in selfed lines of corn, James Gr. Dickson and James E. Holbert. 

Disease resistant and susceptible strains of Yellow Dent corn have been selected 
from selfed lines of corn and self -pollinated until practically homozygous. These 
strains have been studied comparatively under controlled environmental conditions as 
well as under varying held conditions. The resistant strains remained healthy over a 
much wider range of temperature than open-pollinated material or the susceptible strains 
as shown in the following table. 


Strains of Corn 

■ 

Temperature range of resistance 
to seedling blight in degrees C. 

Eesistant selfed lines 

16-32 

Selected open-pollinated 

24-32 

Susceptible selfed lines 

32 


The metabolism of the resistant, selfed strains, although similar to that occurring 
in the open-pollinated corn, is stable over a greater range of temperature. These re- 
sistant strains are high in hexose substances and low in pentosan materials at 16° C. 
and. higher. In contrast, the open-pollinated corn maintains this high ratio of hexose 
substances at temperatures of 24° C. and higher. 

The metabolism of the susceptible, selfed strains does not correspond to that of 
either the resistant strains or open-pollinated corn. The susceptible strains studied so 
far are different in composition and in relative ratio of substances present at all tem- 
peratures. In general, the pentosan substances increase with the rise in temperature 
rather than decrease as in the resistant strains. 

(Cooperative investigations by the Wisconsin Agricultural Experiment Station, the 
Funk Brothers Seed Company, and the Office of Cereal Investigations, Bureau of Plant 
Industry, IT. S. Department of Agriculture.) 

Seed treatments for the control of certam diseases of dent corn. James E. Holbert, 

Ohas. S. Eeddy and Benjamin Koehler, 

Extensive experiments conducted at various places in Illinois during the past five 
years have shown that dent corn grown from seed infected with Diplodia seae and 
Gihherella smbinetU is greatly improved in both yield and quality by seed treatment, 
while corn from Fusarmm moniliforme infected and scutellum-rotted seed has not been 
improved. Only under certain soil conditions, not fully understood, havq seed treatments 
increased the yield of corn grown from seed infected with Cephalospornm aoremonium. 
Treated, infected seed has not yielded as well as untreated, nearly disease-free seed. 
Seed treatment may prove important when it is impossible to secure sufficient nearly 
disease-free seed. The summarized results follow. 
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Total No. 

Nearly 

Diplodia- 

Gibberella- 

Seed treatment materials 

' replica- 

disease-free 

infected 1 

infected 


tions 

seed 

seed 1 

i| 

seed 



Incr. Deer. 

Incr. 

Deer. 

Incr. 

Deer. 



Bu. Bu. 

Bu. 

Bu. 

Bu. 

Bu. 

IJspulun (0.5%).... 

Sir 

0.5a 

15.6 


15.1 


Bayer Comp. 

24 

2.1a 

19.3 


7.0 



72 

0.5a 

6.4 


18.2 



72 

3.8 

14.0 




Mercury A ‘ ^ 

36 

1.8a 

16.4 



19.8 


Corona 620 (0.15%) 

120 

3.1a 

21.7 1 


17.6 


rxPT'misan - 

80 

1.7a 

17.4 




Standard Oil H, (100%) 

42 

0.2a 

13.1 


17.9 


DuPont No. 12 (Dust) 

42 

5.1a 

9.7 


12.1 


18 (Dust) 

24 

3.7a 

10,7 


16.6 


Semesan (Dust) 

12 

6.6a 

9.6 




Semesan, Jr. (Dust) 

30 

1.3a 

20.7 


19.0 


Bayer Dust 

30 

8.5 

15.8 


! 28.9 


Corona 640 S (Dust) 

27 

3.1a 

8.5 


19.8 


S. P. A. No. 225 (Dust) 

12 

8.2 

16.8 





Odds less than 30: 1, others greater. 


(Cooperative investigations by the Office of Cereal Investigations, Bureau of Plant 
Industry, U. S. Department of Agriculture, the Punk Brothers^ Seed Company, and the 
Illinois Agricultural Experiment Station.) 

The effect of the alternate hosts on physi&legic forms. S. M. Dietz. 

The effect of Bhammis species on the fixity of physiologic forms oi Tuccmia coronata 
was studied to determine the possible influence of these alternate hosts on the infective 
capabilities of the aecidiospores produced on them and the possible increase of their 
gramineous host range. 

It previously has been shown that Tnccinia coronata avenae, P. coronata mlama'- 
grostis, F. ooromata festuoae, and P. coronata hold will not produce normal uredinial 
infection inter se. However, aecidiospores from Bhamnus carolmiana, B. cathartica, 
B. lanoeolata, B. pmetorum, B. smithii and B. rubra, produced by teleutospores from 
Arena sativa, formed normal infection on Nothoholcus lanatus under controlled green- 
house conditions. Aecidiospores from Bhamnus lanoeolata, inoculated with teleutospores 
from Calamagrostis canadensis, produced abundant uredospores on Arena sativa in nine 
trials conducted over three years. Aecidia on Bhamnus lanoeolata produced by teleuto- 
spores on Arena sativa formed abundant uredospores on Calamagrostis canadensis. 
Aecidia collected on Bhammi^ alnifoUa in the open produced abundant uredinial infec- 
tion on Arena sativa. 

Aecidiospores from Bhamnus lanoeolata, produced by telefitospores from Festuca 
elaUor, fotmedi abundant medospores on Festuoa mterrupta, Sordeum mwrinum, nnd 
Fhalmis St enoptera and a lesser degree of infection on Andr op og on trkm, Bromus 
inermis, Folium sub tratum, Fhalaris angusta, F. arurndmaoeae, P. boehmeri, P. brachy- 
staohys, F. bulbosa, F. nodosa, F. tr%moata, and Btipa sp. The above recorded grasses 
produced no infection when repeatedly inoculated with uredospores of Fuocmia coronata 
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festucae. (Cooperative investigations by the Iowa Agricultural Experiment Station and 
the Office of Cereal Investigations, Bureau of Plant Industry, IJ. S. Department of 
Agriculture.) 

Alternate hosts of Pucoima ooronata II. S. M. Dietz. 

Mhanwvu/S alpindj M. chlorophera, B. iUcifoUa, M. inf ectoricb, B. swiitM% and B. tine- 
toria are susceptible to Buccinia ooronata festucae. When inoculated with teleutospores 
of crown rust from Festuca elatior, Bhemnus dahurioa, B. dahwica var. nipponica, 
B. frarngulaj and B. japomoa became infected, but did not produce aeeidia. Bhamwus 
japomoa showed no infection with the above physiologic form. Berchernia scandens and 
Zizyphm lyooides showed pycnidial infection, while Caenotlius am-eriGanus, Elaaagnus 
dngustifolia, Lonieera ftava, and Zisyphus ohtusifolia were copiously flecked by Fuecinia 
ooronata festucae. Lonioera fla^a also was markedly flecked by Puccinia goto nut a calC’ 
magrostis. 

Local epidemics of crown rust were started again during the spring of 1925, in the 
Upper Mississippi Valley, by Bhamnus oathartica and B. lanceolata. The latter x^i'oduced 
the heaviest aecidial infection during the past nine years in the spring of 1925. 

One hundred and flfty-eight additional plantings of Bhamms cathartica, 69 of 
which were urban and 89 rural, were located during 1925. These plantings contained 
11,057 counted bushes besides 5,380 feet of hedge where the bushes were not counted. 
(Cooperative investigations by the Iowa Agricultural Expriment Station and the OfSce 
of Cereal Investigations, Bureau of Plant Industry, U. S. Department of Agriculture.) 

Physiologic specialisation of Ustilago seae and Puccinia sorghi and their relation to corn 

impreyvement. E. C. Stakman and J. J. Cheistensen. 

UsUlago zeae is one of the destructive pathogenes of corn. Apparently the only 
method of reducing losses appreciably is the production of resistant lines. However, there 
is circumstantial as well as direct evidence that there are several physiologic forms of the 
organism. This fact is likely to complicate the problem of developing resistant varieties, 
Puccima sorghi is not considered a destructive patiiogene. However, in 1925, it did con- 
siderable damage on certain selfed lines of corn in the plant breeding plots at the Uni- 
versity of Minnesota. It is possible, therefore, that corn rust may become an important 
factor in corn production if susceptible sorts are produced and grown commonly. Some 
lines of a given variety of corn are extremely resistant, while others are highly suseex)tible. 
The rust situation is also complicated by the existence of several physiologic forms. At 
least three, and possibly five, have been recognized by their action on eight selfed lines 
of corn. A very virulent form was collected in Oklahoma, Kansas, Nebraska, and New 
Hampshire, while a less virulent one was obtained from several localities in Minnesota, 
and a very weak one from Texas. There is no correlation between imst resistance and 
smut resistance of selfed lines. (Cooperative investigations by the Section of Plant 
Pathology and the Section of Plant Breeding, Department of Agriculture, University 
of Minnesota.) 

Physiologic specialisation of Fusarimi Uni, Bolley. W. C. Broadfoot and E. C. 

Stakman. 

Fusarium Uni consists of several physiologic forms. At least eight are distinguished 
by their parasitic action on the following varieties of flax: Primost, Minn. 25 (C. I. 177) ; 
Winona, Minn. 182 (C. 1. 179) j N. D. 3080 (C. I. 275) ; N. D. 40013 (C. I. 241). Six 
of the forms differ greatly from each other in virulence. Two are about equally virulent, 
except that one consistently causes loss of chlorophyll above the cotyledons in all varieties 
of flax inoculated. It also causes loss of chlorophyll in seedlings of barley, oats, and rye. 
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Tlie cultural characteristics of some forms differ from those of others, hut this is not 
a safe criterion for the determination of all of the forms. Neither can the forms he 
differentiated by rate of growth at different temperatures. There are differences in size 
and septation of spores of different forms grown under the same conditions, hut there 
also are similar differences when the individual forms are grown under different condi- 
tions. Therefore the forms cannot be differentiated by spore morphology. Some of 
these forms infect heavily certain resistant varieties of flax, hut it is not yet known how 
important this fact is in controlling flax wilt through the development of resistant strains. 

A strain of sorghum kernel smut which infects milo and hegao'i, W. H. Tisdale, L. E. 

Melohees, and H. J. Clemmer. 

In comprehensive experiments with sorghums completed in 1921, milo, f eterita, and 
hegari were found to be almost immune from kernel smut. In 1923 kernel smut was re- 
ported in milo in southwestern Kansas, northeastern New Mexico, and northwestern Texas. 
Milo and hegari were found to be smutted in this region in 1924. Experiments conducted 
cooperatively by the offices of Cereal Investigations and Ery-Land Agriculture, Bureau 
of Plant Industry, United States Department of Agriculture, and the Kansas Agricultural 
Experiment Station in 1924 and 1925 have shown that the smut from milo and hegari 
infects pure lines of milo and hegari and the sorghums susceptible to* the commonly 
occurring strain of Spliacelotheoa sorghi. It does not infect feterita. Covered kernel 
smut from the susceptible sorghums grown at Manhattan, Kansas, failed to produce smut 
ill milo or hegari as in previous experiments. Infected heads of milo and hegari often 
are only partially smutted by this new strain of smut. The fact that a kernel smut now 
exists which attacks hitherto resistant varieties greatly complicates the problem of breed- 
ing for resistance. Although there are certain characters of the sori of this smut and the 
sterile cells of the fungus which resemble S. cruenta, it is more typical of S. sorghi, 

A PythiuAn seedling hlight and root rot of dent corn. Helen Johann, J. R. Holbert, 

and James Gr. Dickson. 

During the past few years an undetermined species of Pythium has been found asso- 
ciated with root rots of dent corn in Illinois and Wisconsin. It is somewhat closely re- 
lated to the species causing root rot of cane, as described by Carpenter, in that it has 
lobulate sporangia and smooth oogonia and oospores. 

Infection usually occurs at the tips of rootlets and proceeds proximally, producing 
a soft rot, involving first the cortex and later the vascular elements. Unlike infections 
by Diplodia ^eae and Giblerella sauhinetii, the mesocotyls are not attacked until roots 
are practically destroyed. 

Soil temperatures of 12-16° C., and high soil moistures, tend to favor blighting 
which prevents germination. Some seedling blight may occur above 16° C. If the infec- 
tion is not severe enough to kill the seedlings, they may be more or less retarded in size 
and vigor by the soft rot of the feeding roots. 

Field inoculations at Bloomington, Illinois, with 18 pedigreed strains of corn in the 
cool, wet spring of 1924 seem to confirm these results. The average reduction in stand 
was 30 per cent. The maximum reduction in yield of sound corn per plant was 65 per 
cent in one strain, notwithstanding thinning due to a 31 per cent reduction in stand. 
(Cooperative investigations by the Office of Cereal Investigations, Bureau of Plant In- 
dustry, U. S. Department of Agriculture, the Wisconsin Agricultural Experiment Station, 
and the Funk Brothers' Seed Company.) 

Bclerospora gramimoola on corn. I. E. Melhus and Frank Van Haltern. 

The oospores of Sclerospora graminicala on Setaria mridds may causei seedling 
infection of corn, teosinte, sorghum, and millet. The symptoms produced on these hosts, 
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in general, resemble those on il'tnZrr tl“y‘ 

S“‘r' «„« oirsis 

celle^ted this past season oil corn seedlings ana moie i 

lias never been obtained after emergence of the seedling. . t . i + i x 

iuow peart popcorn inocnlated in the greenhonse with oospores and transplant d to 
• the field in the seeing stage showed 73 per cent infection. Sixty-five poi cent ot these 
' died before maturity. The remaining plants were 

shouts nor normal tassels. Ninety-nine per cent of the inoculated checks In-od. 

The incubation period for oospore infection on Setana was six days, toosmto t ght, 
andiornten. OospL infection is prevailingly systemic. The oospores require no rest 
•period They may function immediately on liberation from the host tissues; yet they 
remain viable in the soil for at least two growing seasons. Oospores stored diy in the 
laboratory for 14 years were not viable. 

Observations on the stem rot of rioe caused by Solerotiim oryzM Catt. ^ V. H. Young. 

■ Stem rot caused by Solerotnm oryzae is the most serious disease of rice in Arkan^. 

It is rather widespread and all commercial varieties are attacked. Observations on dis- 
eased fields, allowed to lie idle one season, indicate that the incidence of the disease has 
thereby been greatly decreased. Other hosts for the stem-rot fungus have not been found 
but red rice, a weed variety, is susceptible and lives over, producing seed on unirngated 
land and thus carrying the disease over the fallow period from one rice crop to the next. 
Diseased plants ordinarily do not appear in numbers until after the final drainage. How- 
ever, diseased red rice has been found a month prior to harvest and the greatest losses 
observed were in fields containing such volunteer plants. 

Infection of young plants was not observed, but seedling infections were secured with 
pure cultures in vitro. Soil inoculations at higher temperatures in soil temperature tanks 
did not result in earlier infection, nor was the amount of infection influenced by soil tem- 
peratures from 22.5° 0. to 35° C. Soil from affected fields gave infection under green- 
house conditions. Growth of Sclerotmm oryzae on rice stubbles after harvest results in 
considerable increase in the amount of over-wintering material. 

Studies in rust resistance. (Invitation paper) E. B. Mains. 

Miorosoopica^ studies .of rust resistance and susoepWbility. (Invitation paper) Bute 
F. Allen. 

Smut resistance in cereals. (Invitation paper) Geoege M. Beeo. 

SusceptiUlity of wheat varieties cmd selections to loose smut. F. D. Feomme. 

Differences in incidence of loose smut in the Stoner and Leap varieties of wheat are 
shown to be due to differences in susceptibility. Inoculation of florets of the two varie- 
ties produced 62 per cent of infected plants of Stoner and only 3 per cent of infected 
plants of Leap. Thirty-five per cent of Stoner heads were smutted as compared with 
4 per cent of heads of Leap. 

Other wheat varieties grown under test conditions during several seasons showed 
marked differences in incidence of loose smut and each variety, with few exceptions, 
showed a high degree of uniformity when rated in terms of a standard. Similar dif- 
ferences, but of greater degree, are found in pure line selections of Fulcaster. Some are 
very susceptible, some moderately so, and some are highly resistant. The most sus- 
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ceptible selection is eiglit times as susceptible as tlie Fulcaster parent and tlie most re- 
sistant is twenty times as resistant as Fulcaster. This variability is possibly related 
to the hybrid origin of the variety. The probability of developing a highly resistant, - 
strain of Fulcaster through pure line selection is indicated. • 

Breeding and selecting for resistance to corn root-rot. (Invitation paper) G. N. Hoofer. 

Inheritance of immunity from Melampsora Uni, A. W. Henry. 

Grosses were made between immune and susceptible varieties of Linum usitutissimiim. 
Three immune parents were used; a selection from a lot of commercial Argentine flax; 
Bombay (C. I. 42) ; and Ottawa 770B. The Fi plants of all crosses were immune. The 
t segregation in the Fa of a cross between the Argentine selection and Saginaw, a sus-^ 

ceptible fiber variety, approximated a ratio of 15 immune plants to 1 susceptible plant. 
The Fo of a cross between Bombay and Winona, a susceptible seed flax, showed a simple 
monohybrid segregation. Apparently there w^as a single factor difference between im- 
munity and susceptibility in a cross between Ottawa 770B and Saginaw. The former 
has white flowers and yellow seeds, and the latter blue flowers and brown seeds. Blue 
flowers and brown seeds were dominant, and a ratio of 3 blue-flowered, brown-seeded 
plants to 1 white-flow^ered, yellow-seeded plant was obtained in the Pa. These characters 
j apparently are linked and were inherited independently of immunity from rust, so that in 

the Fa a segregation approximating a 9 : 3 : 3 : 1 ratio was obtained. ( Cooperative investi- 
' gation by the Minnesota Agricultural Experiment Station and the Office of Cereal Investi- 

gations and Fiber Plant Investigations, U. S. Department of Agriculture.) 

I Seed potato improvement worh. (Invitation paper) William Stuart. 

Studies upon the inheritance of Fmarium-resistance in cabhage. J. G. Walker. 

By selfing individual cabbage plants through three generations, a line has been estab- 
; lished which is apparently homozygous for resistance to Fusarium oonglutinans under 

! such field conditions as favor development of the yellows disease. Similarly, through 

selfing and close-pollination, individuals, apparently homozygous for susceptibility under 
the same environment, have been selected from commercial varieties. The Pi hybrids 
from several crosses between resistant and susceptible individuals were nearly all disease- 
free. A total of 1,135 p 2 hybrid plants were grown in 1925 on infested soil; 843 were 
completely free from yellovrs, 292 were diseased. Segregation was therefore close to a 
ratio of three resistant to one susceptible. Several Fi plants were , crossed with a sus- 
ceptible individual. Of these P 2 hybrids, 151 plants were grown in infested soil; 77 were 
completely resistant and 74 were diseased. Segregation was close to the 1: 1 ratio. 
These data indicate that resistance to yellows, as expressed under field environment, is a 
dominant unit-character. (Cooperative investigations between the Office of Cotton, 
Truck and Forage Crop Disease Investigations, Bureau of Plant Industry, IT. S. Depart- 
ment of Agriculture, and the Agricultural Experiment Station of' the University of 
Wisconsin.) 

Besistanceim sugar beets to curly -top. Eubanks Carsner, 

A large number of strains of sugar beets selected for their apparent resistance to 
curly- top, together with 16 strains selected only for desirable agronomic characters, were 
subjected to a rigorous test in a leaf hopper (Futettix tenella) infested locality. In addi- 
tion to the usually great natui’al infection hazard, viruliferous leaf hoppers were caged on 
each plant. Control plats of commercial seed were similarly treated. 
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The results showed that among the strains which had been selected without regard 
for resistance, some were more susceptible than the controls, while others, especially one 
strain, were less affected than the controls. Among the strains which had been selected 
for resistance several were definitely less injured than the controls — one of them con- 
spicuously so. 

A comparatively large planting of the first generation progeny of a mass selection 
for resistance also suffered less from the disease than did the commercial parent strain. 
The results of the work thus far, especially those of the past season, establish the fact 
that there are marked variations in resistance to curly-top among sugar beets, and seem 
to justify the belief that a satisfactorily resistant commercial strain can be developed. 
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PHYSIOLOGIC SPECIALIZATION IN THE LEAP BUST OP 
WHEAT, PUCCINIA TRITICINA ERIKSS." 

E. B. Mains AND H. S. Jackson^ 

With Plates VI to IX 

INTRODUCTION 

A study of the leaf rust of wheat, caused by Puccinia triticina Erikss., 
was begun in 1918 in cooperation with the Office of Cereal Investigations, 
United States Department of Agriculture. The results obtained in a study 
of the life history of this rust have already been reported (13) . As another 
phase of the investigation, a . study has been made to determine the sus- 
ceptibility of wheat varieties to leaf rust with the object of obtaining re- 
sistant varieties. In order to determine the value of the resistant varieties 
of wheat, it became necessary to make an intensive investigation to deter- 
mine whether the rust, as it is found in this country, is homogeneous or 
whether it consists of a number of forms differing in their pathogenicity 
upon different varieties. The results obtained by Eriksson and Henning 
(7), Eriksson (5, 6), Hitchcock and Carleton (11), Carleton (2), Preeman 
and Johnson (8), and Jackson and Mains (13) indicate that the leaf rust 
of wheat is very closely restricted as to hosts. Wheat has been found to be 
the only favorable grass host for the uredinial and telial stages, and a few 
species of Thalictrum are the hosts of the aecial stage. 

The question as to whether there exist in the leaf rust of wheat special- 
ized forms distinguished by their parasitism, similar to those which have 

1 Published, with the approval of the Director, as a contribution from the Department 
of Botany, Purdue University Agricultural Experiment Station. Cooperative investiga- 
tion between the Purdue University Agricultural Experiment Station and the Office of 
Cereal Investigations, Bureau of Plant Industry, United States Department of Agriculture. 

2 The writers wish to thank Dr. G. E. Ball, Dr. H. B. Humphrey, and Dr. C. E. 
Leighty for criticisms and help in developing this study, and also the many plant patholo- 
gists and others who have furnished collections of leaf rust for this investigation. Thanks 
are also due Mr. Forest Fuller, Mr. Emile Mardfin, Mrs. Florence Smith Sutton and 
Mr. Leroy Compton for assistance in making inoculations. 
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been found by Stakman and coworkers (14, 23, 24) and Melchers and 
Parker (18) in connection with their studies on Puccinia graniinis iritici 
Erikss. and Henn., has been unanswered up to the present. The investiga- 
tions of the stem rust of wheat show that such strains are of great impor- 
tance in breeding for stem-rust resistance, and that a knowledge of them is 
necessary before it is possible to draw conclusions as to the value of resistant 
varieties. This paper deals with the results obtained in a study of this 
problem as it relates to leaf rust of wheat and which have been reported in 
part before the American Phytopathological Society (16, 17) . 

METHODS 

Collection of inoculum. When the leaf rust was collected locally, the 
method usually employed was to bring in rusted leaves of wheat and sow 
the spores at once on healthy seedlings. When inoculum was obtained from 
other localities, rusted leaves were placed in heavy manila envelopes and 
mailed to the laboratory at LaPayette, Ind, It was not found necessary to 
wrap the leaves in oiled paper to prevent drying ; in fact, the geiminability 
of the spores is better if oiled or moistened paper is not used for wrapping. 
It was found, also, that inoculum mailed without precautions against drying 
would retain its viability for a number of months (15) if placed in an ice- 
box. In this way it was possible to collect the rust at a number of places 
before harvest, store it during the hot summer months when it is difficult 
to culture the rust in the greenhouse, and then start cultures in the autumn. 

Inoculation. A susceptible variety of wheat was used on which to main- 
tain the rust cultures. At first Dawson Goldenchaff was used ; later, Michi- 
gan Amber and Big Harvest Fultz were employed. Usually about ten 
plants were grown in a four-inch pot. Previous to inoculation all plants 
were kept in a small greenhouse, in which no rust culture was allowed, and 
were carried from there to another greenhouse where they were inoculated 
and studied. One of the difficulties encountered early in the course of the 
work was the development of powdery mildew of wheat, Erysiphe graniinis 
tritici Marchal, which often made culture study difficult. If plants bearing 
stock cultures of the rust became infected with mildew, the mildew was 
sown with the rust and interfered with the study of the rust susceptibility 
of the wheat varieties. This difficulty was overcome in two ways. The hot- 
water heating pipes in the small greenhouse where uninoeulated plants were 
grown were painted with a mixture of lime and sulphur. The sulphur 
fumes thus generated proved very effective in preventing the development 
of mildew. A study of wheat varieties also resulted in revealing several 
which were highly resistant to mildew. Among these was a strain of Michi- 
gan Amber which was also very susceptible to rust. The complications 
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caused by the mildew may be avoided by using this strain as the variety 
for stock cultures. 

The wheat seedlings were inoculated when in about the second-leaf to 
fourth-leaf stage. This was done by first drawing the leaves between the 
moistened fingers, thus removing the waxy covering and leaving a film of 
water on the leaves. Spores were scraped from rusted wheat and spread on 
these wet leaves by means of a scalpel. When only one or two plants were 
inoculated, they were placed under a bell jar or plant cover. When a 
larger number were inoculated, they were placed in galvanized iron tanks. 
A high humidity (practically 100 per cent) was maintained by placing a 
layer of wet sphagnum in the bottom. The tanks were covered by a lid in 
which a pane of glass was inset to allow entrance of light and prevent 
etiolation of the wheat seedlings. The plants were kept in these inoculation 
chambers for 48 hours, being atomized with water morning and evening to 
help maintain the humidity and keep water on the wheat leaves. This is 
necessaiy because a high humidity and actual contact with condensed water 
are two of the conditions necessary for spore germination. Temperature 
also is an important factor. Temperatures between 16 and 20° C. are most 
favorable for the spore germination of leaf rust of wheat, while little germi- 
nation takes place at 5° C. or below, and 30° C.'or above. When the tem- 
perature of the greenhouse was too high for the best spore germination, as 
sometimes occurs in late spring, summer, or early fall, inoculation chambers 
were cooled to optimum conditions by keeping them sprayed with water 
by means of a system of spray nozzles attached to the greenhouse water 
supply. When the inoculated plants were removed, it was found advisable 
not to place them in full sunlight, as they were likely to be scalded. Con- 
sequently, they usually were taken from the inoculation chambers in the 
late afternoon. 

As several different cultures of leaf rust were being studied at the same 
time, for possible differences in parasitism, it was necessary to take pre- 
cautions to prevent contamination of one by the other. Consequently after 
sowing one culture and before sowing the next, all instruments and vessels 
were sterilized in alcohol or in cleaning fluid, and the hands thoroughly 
washed. The cultures were placed in separate incubation chambers and 
later removed to separate plant covers or tent-Hke chambers. The sides and 
ends of the chambers are of cypress and the roof of two panes of glass which 
slide up and down in grooves, thus permitting easy access to the culture 
with minimum exposure to wind-blown spores. 

Uredinia of leaf rust usually appear in 6 to 10 days, depending upon 
conditions of light and temperature. After the first uredinia have ap- 
peared, others are often developed later in a circle around them. The 
culture continues to sporulate as long as the infected leaf remains alive, 
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which varies with the amount of rust, the available food supply of the leaf, 
and especially the environmental conditions aifecting the latter. As condi- 
tions are not favorable for spore germination in the plant cover, humidity 
especially being low, reinfection does not occur, and it is necessary to resow 
the rust. This is usually done on fresh pot cultures of wheat seedlings. 
Such transfers are necessary about every 4 to 6 weeks. 

Prom the cultures of rust maintained in the plant covers, sowings were 
made on pots of seedlings of various varieties of wheat. Inoculation was 
carried out as described above, with the exception that, when the sets of 
varieties were too large to place under plant cover after removal from the 
incubation chambers, they were placed on the greenhouse bench. Further 
inoculations with the cultures were always from the susceptible variety 
protected from contamination within the plant cover. 

Pure lines of leaf rust. In the course of the investigation, several of 
the cultures gave evidence of being composed of more than one physiologic 
form of the rust. Consequently it became necessary to devise a method of 
obtaining pure cultures or pure lines of the rust, in order to be sure that 
the results obtained were really characteristic of the forms and not due to 
a mixture of two or more forms. The method finally used was to obtain 
cultures of the rust from single urediniospores. 

Wheat was sown in four-inch flower pots and immediately covered with 
a lantern globe, the top of which was covered with a thin layer of cotton 
held in place by a piece of cheesecloth tied over the top. The lantern globe 
fitted down tightly into the soil of the pot ; consequently there was practi- 
cally no chance of the wheat seedlings which came up within becoming 
contaminated from outside spores. When these plants were large enough 
to inoculate, a rust-infected leaf was gently tapped over a Petri dish, so 
that ripe urediniospores were scattered over the bottom of the dish. This 
dish was then placed under the higher powers of a binocular microscope 
and a single isolated urediniospore located. This was picked up by means 
of a glass rod drawn to a fine point ; the point was wet in water, and the 
spore usually adhered readily. This spore was then transferred to a leaf 
of one of the plants inside the lantern globe. Bach of the plants in the 
globe was inoculated with a single spore. The inoculated plants were then 
carefully watched, and, with the appearance of the first uredinium, all the 
other plants under the globe were removed. When this uredinium reached 
maturity, urediniospores were sown by means of a scalpel upon other plants 
grown within a lantern globe, thus maintaining the culture. Several such 
cultures were started from single spores. The inoculum produced under 
such lantern globes, although limited, is sufScient to inoculate from six to 
ten pots of wheat seedlings. When larger numbers were to be inoculated, 
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the culture was first multiplied on the susceptible variety under a plant 
cover and from this the series was inoculated. However, the culture under 
the lantern globe was also continued, and, if further sets of varieties were 
to be inoculated, the rust was again multiplied and sown from this, thus 
insuring the purity of the culture. 

In making single-spore cultures, a difficulty was encountered ifr the late 
fall and winter. During this period of low light intensity, the percentage 
of germination of urediniospores is usually rather low, oftentimes being 
only 10 per cent. It readily can be seen that, where only ten spores are 
sown, there is considerable chance that germinable spores will not be selected 
and thus no culture obtained. This frequently resulted, and the task of 
obtaining single-spore cultures proved a very laborious one, for it was neces- 
sary to inoculate with a large number of single. spores. It was found, how- 
ever, that if the Petri dish containing spores was covered and set aside 
in the laboratory for two or three days, the percentage of germinable spores 
increased greatly and at least one of the ten inoculated plants under the 
lantern globe usually became infected. 

Another difficulty encountered is that of maintaining single-spore cul- 
tures during the late spring and summer months, when the temperature of 
the greenhouse naturally is high and especially so under the lantern globes. 
Such conditions do not favor the growth of wheat. Wheat under the lantern 
globes becomes infected also by a number of fungi, especially Helmintho- 
sporium spp., and as a result the plants are killed and many cultures lost. 
Also, during this period, the leaf rust of wheat is very prevalent in the field. 
In most seasons nearly all the varieties of wheat generally grown in the 
eastern United States are more or less heavily infected with leaf rust. 
Consequently during this period urediniospores are very prevalent in the 
air. Stakman et al. (22) report finding them as high as 10,000 feet. With 
the greenhouse ventilators necessarily open at this time of year, when single- 
spore cultures are carried on wheat, except under very confined conditions, 
they become contaminated by these wind-carried spores. It therefore has 
been very difficult to carry the cultures from one year to another. Since, 
however, it has been found that the urediniospores will retain their viability 
to some extent for several months, it is possible to collect the urediniospores 
of each culture, store them through the summer in vials in an icebox and 
start the culture anew in the autumn.^ Although some cultures are lost, 
this method has made it possible to carry over from year to year a number 
of the cultures with a reasonable certainty that they were pure. 

3 Tlie effect of drying on spore germination and tlie method of storing inoculum have 
been worked out in connection with studies upon spore germination being made by Mr. 
Leroy Compton under the direction of the writers. 
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The data which had been accnmiilated from a study of the susceptibility 
of wheat varieties to rust as collected in the field made it possible to select 
a set of varieties which would be useful to differentiate any strains which 
might be present. It was possible, also, when making single spore cultures, 
to select those which differed most widely in their effects on such varieties, 
thus obtaining a series of cultures which in general were found to be dif- 
ferent specialized forms of the rust. 

RESULTS 

Types of reaction shown iy wheat to leaf rust. As but few data were 
available on the susceptibility of wheat varieties to the leaf rust of wheat, 
it was first necessary to determine which of the many varieties and strains 
were resistant to this rust. Therefore approximately 300 varieties and 
strains of wheat were obtained in 1918 and studied for susceptibility to 10 
cultures of leaf rust obtained from different parts of the country. Of these 
varieties, the most promising were selected for further study. During 1919, 
1920, and 1921, data concerning the susceptibility of wheat varieties to leaf 
rust were obtained from various wheat nurseries, the most extensive being 
that of the Office of Cereal Investigations at Arlington Experimental Farm, 
Washington, D. C. Those varieties showing the least rust were studied for 
susceptibility to leaf rust in the greenhouse during the winter months. Cul- 
tures of rust from various parts of the country were obtained for this 
purpose. It is not proposed in this paper to give an account of the results 
obtained with all the wheats studied. However, 550 varieties or selections 
covering a wide range of wheats, including most of the principal American 
varieties of Triticum aestivum L., T. compactum Hort., durum Desf., 
T. dicoccum Schrb., T. spelta L,, T. turgidum L., T. polonicum L., and 
T. monococcum L. were inoculated with leaf rust. One hundred and 
eighteen cultures of leaf rust were used. Naturally all of these cultures 
were not sown upon all of the varieties and selections. As the study pro- 
gressed, the number of varieties of wheat was greatly reduced, only those 
showing more or less marked resistance to one or more of the cultures of 
the rust being retained. 

One of the interesting facts developed in this study was the reaction of 
a number of varieties showing more or less resistance in the field. Thus, 
Kanred, which has been noted by Melchers and Parker (18) and by the 
writers (16) to be usually highly resistant under field conditions, has not 
shown in general a corresponding high resistance when inoculated in the 
seedling stage in the greenhouse. Thus, in 1920, Kanred showed only a 
trace to 10 per cent of rust in nurseries at Madison, Wis., and Washington, 
D. C. Again in 1921, Kanred showed only a trace to 35 per cent in nur- 
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series at Murfreesboro, Tenn., Brookings, S. D., Washington, D. 0., La- 
Fayette, Ind., and Madison, Wis. Kanred was well exposed to infection, 
since a number of varieties nearby showed 75 to 100 per cent infection. 
Seedlings of Kanred, when inoculated with collections of rusts from each 
of these nurseries, were more or less susceptible, varying in reaction from 
2 to 4 in the seedling stage in the greenhouse. Other varieties, including 
some of the durums and emmers, while having some resistance in the seed- 
ling condition in the greenhouse, were generally almost immune in the field. 
This was true especially with certain of the cultures. In general, the num- 
ber of varieties found to be highly resistant in these greenhouse studies was 
relatively small. 

In the course of this study several different kinds of host reaction were 
found in the varieties studied in the seedling stage in the greenhouse. 
These are grouped into five classes with five corresponding types of infec- 
tion, designated by the symbols 0 to 4, as follows : 

Types of rust infection 

r No uredinia formed ; small flecks, chlorotic 
\ or necrotic areas more or less prevalent. 

Uredinia few, small, always in small ne- 
crotic spots. Also more or less necrotic 
areas produced without development of 
uredinia. 

Uredinia fairly abundant, of moderate 
size, always in necrotic or very chlorotic 
spots. Necrotic spots seldom without 
uredinia. 

Uredinia fairly abundant, of moderate size. 
No necrosis produced, but sometimes 
slight chlorosis immediately surrounding 
the uredinia. 

Uredinia abundant, large. No necrosis or 
chlorosis immediately surrounding the 
- uredinia. Infected areas sometimes oc- 
curring as green islands surrounded in 
each ease by a chlorotic ring. 

to physiologic forms. The first indication 
of the existence of physiologic forms of leaf rust of wheat was discovered 
through the inoculation of Malakoff, C. I. 4898, with a culture of rust from 
Murfreesboro, Tenn. Malakoff had hitherto shown a high degree of re- 
sistance to fifteen other cultures of leaf rust with which it had been inocu- 
lated. To the culture of rust from Murfreesboro, however, it was highly 


Classes of host reaction 
(See Plate VI) 

0 Highly resistant 


1 Very resistant 


2 Moderately resistant 


3 Moderately susceptible 


4 Very susceptible 


Reaction of wheat varietu 
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susceptible. As other cultures were obtained, some were found to which 
this variety was resistant, while to others it was highly susceptible. In a. 
similar way, the following were the principal varieties found to show dif- 
ferences in reaction to different cultures of the rust: Turkey (Malakoff), 
C. I. 4898^ ; Turkey 47 (received from Kansas labeled as Turkey x Bearded 
47) ; Norka,^ C. I. 4377; Mediterranean, C. I 3332; Mediterranean, C, I. 
5776; Mediterranean (Imperial Amber), C. I. 4860; Hussar, 0. I. 4843; 
Democrat, C. I. 3384; Beloglina, 0. I. 1544; Beloglina, C. I. 2239; Pacific 
Bluestem, C. I. 4821 ; Banat, C. I. 4879 ; Hungarian, 0. I. 4830 ; four un- 
named spring wheats, C. I. Nos. 3747, 3756, 3778 and 3779; Webster, C. I. 
3780; Peliss, C. 1. 1584; Acme, C. I. 5284; Arnautka, C. 1. 1493; Arnautka, 
Minn. 337; Monad, C. I. 3330; Mindum, C. I. 5296; Khapli emmer, C. I. 
4013; Vernal emmer, S. D. 293; Bearded Winter spelt, C. I. 1724 ; White 
Winter spelt, C. I. 2968; Eivet, C. I. 4201; Titanic, C. I. 5535; Polish, C. I. 
5524; Einkorn, C. I. 2433; and Double Einkorn '' Double emmer’' from 
Ottawa. 

The identity of these varieties has been checked by Dr. C. E. Leighty, 
of the Office of Cereal Investigations. Descriptions of most of them are 
given by Clark, Martin and Ball (3) in their classification of American 
wheat varieties. As the unnamed or recently named varieties are not de- 
scribed in that publication, the following description of each has been kindly 
furnished by Dr. Leighty. They are introductions received from St. Peters- 
burg, Russia, in 1912. 

C. I. No. 3747. Plant spring habit; stem white; spike awned, fusiform, 
lax, speltoid; glumes glabrous, brownish, long, midwide, distinctly keeled 
throughout entire length; shoulders narrow, oblique; beaks 1 to 18 mm. 
long ; awns 3 to 7 mm. long ; kernels red, long, semihard. 

C. I. No. 3756. Plant spring habit, midseason, midtali; stem white; 
spike awned, fusiform, lax, speltoid, inclined; glumes glabrous, white, mid- 
long, wide, distinctly keeled throughout entire length; shoulders wide, ele- 
vated; beaks 8 to 20 mm. long; awns 3 to 8 mm. long; kernels red, long, 
hard. 

C. I. No. 3778. Plant spring habit; stem white; spike awned, fusiform, 
lax, speltoid; glumes glabrous, brown, midlong, midwide; shoulders mid- 
wide, square; beaks 1 to 5 mm. long; awns 3 to 8 mm. long; kernels red, 
midlong, hard. 

C. I. No. 3779. Plant spring habit; stem white; spike awned, fusiform, 
lax, speltoid ; glumes glabrous, brown, long, midwide ; shoulders midwide, 

4 Numbers preceded by are the accession numbers of the Office of Cereal 

Investigations, IT. S. Department of Agriculture. Those labeled Minn. ^ ^ are of the 
Minnesota Agricultural Experiment Station. Those designated D.^^ are of the 
South Dakota Agricultural Experiment Station. 
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:sqiiare ; beaks 3 to 20 mm. long ; awns 3 to 8 mm. long ; kernels red, midlong 
to long, hard. 

Webster, G. I. No. 3780. Plant spring habit, midseason, midtail ; stem 
■white, weak; spike awned, fusiform, lax, speltoid; glumes glabrous, brown- 
ish, long, narrow, distinctly keeled throughout entire length ; shoulders nar- 
xow, oblique; beaks 2 to 10 mm. long; awns 3 to 8 mm. long; kernels red, 
long, hard. ^ 

In the course of these studies it was found that oftentimes the culture 
nf leaf rust, as obtained from the field, produced two or more quite distinct 
types of infection on one or more of the varieties inoculated. In order to 
determine whether this represented a variation in the reaction of the vari- 
ety or was due to a mixture of two or more physiologic forms, these varieties 
were again inoculated with the rust. If more than one form was present, 
there would be a rapid multiplication of the one to which the variety was 
^susceptible, while there would be little or no multiplication of the strain to 
which the variety was resistant. The same set of varieties was again inocu- 
lated with the same rust and the results compared. 

The results obtained from the study of a culture received from Mr. C, 
*0. Johnston, of Manhattan, Kansas, well illustrates the condition found in 
field collections. This culture severely infected Malakoff, C. I. 4898, pro- 
ducing a type 4 infection; whereas Mediterranean, C. I. 3332, showed sev- 
eral necrotic spots containing occasionally a small uredinium. Associated 
with these, however, were a few weU developed uredinia which were accom- 
panied neither by necrosis nor chlorosis. Urediniospores from these well 
developed uredinia were placed on plants of Mediterranean, C. I. 3332, 
where they produced abundant infection of type 4. The rust as developed 
on Mediterranean was then used as inoculum on Malakoff, C. I. 4898, and 
Mediterranean, C. I. 3332. The latter showed a type 4 infection, while 
Malakoff showed only a slight flecking (type 0), no uredinia being devel- 
oped. The original culture of rust was then sown on Malakoff, and the- 
rust obtained from this variety was transferred to Malakoff and Mediter- 
Tanean. As a result, Malakoff was heavily rusted, showing type 4 infection. 
Mediterranean, on the other hand, showed considerable necrosis with an 
occasional small uredinium (type 1) . Apparently the original culture con- 
'sisted of at least two forms, one much more prevalent than the other. 

In a somewhat similar manner, a culture obtained from aecia of the leaf 
Tust of wheat on Thalictrum flavum^ L. produced heavy infection on Mala- 

5 The aecia from which this culture was made were obtained by inoculating ThaZic- 
Prum flaviim in the greenhouse with wintered teliospores of JPuedma^ triUema from 
Olemson College, S. 0. Aeciospores were collected from a number of leaves of Thalic- 
and transferred to wheat (Michigan Amber) from which uredinia subsequently 
were obtained. The culture thus developed on wheat was sown as indicated. 
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koff, C. I. 4898, and the spring wheats, C. I. 3756, and Webster, 0. I. 3780. 
Each of these varieties was reinoeulated with the same rust. The three 
cultures of rust thus established were each transferred back to the same 
three varieties. The culture carried on the variety Malakoff was then found 
to infect this variety heavily, while it produced only slight flecking on varie- 
ties 0. I. 3756 and Webster. The culture carried on C. I. 3756 produced 
heavy infection on both C. I. 3756 and Webster, whereas Malakoff was only 
slightly flecked. The culture carried on Webster produced heavy infection 
on Webster and 3756, while Malakoff was only slightly flecked. In this 
ease there was no indication in the original culture that more than one form 
existed, the two forms apparently being about equally prevalent in the mix- 
ture and infecting all three varieties so heavily that resistance as indicated 
by the slight flecking was obscured. The cultures thus isolated remained 
uniform for their actions on the varieties named above. Other examples 
might be given, but these are sufScient to show that mixtures of forms 
apparently often exist in cultures of leaf rust as obtained in the field. 

Wliile such mixtures may be immediately evident when cultured, as in 
the first example given above, in other eases, as in the second example, the 
mixture may not be suspected until after culturing and cross inoculating 
on a series of varieties. Attempts to isolate forms by such a method proved 
very unsatisfactory. In such mixtures, where varieties were susceptible to 
one form and only moderately resistant to the other, urediniospores might 
be produced by both, and the two forms of rust would still be continued 
when the rust was again used as inoculum. In these cases it was difficult 
to decide whether there really was a mixture or whether the results were 
due to the reaction of the variety to a single form of the rust. Even when 
two quite different cultures were separated, it was by no means certain that 
each of these might not also be a mixture of two or more physiologic forms. 
With the increasing number of varieties which could be used as differen- 
tials, the number of inoculations and cross inoculations necessary to purify 
cultures made this method prohibitive. 

These experiences demonstrated that it was necessary to be sure that 
pure lines of the rust were being studied. So it was decided that a study 
of the physiologic forms present in the leaf rust of wheat must be based 
only on cultures which had been started from a single spore. The method 
used has been described above. During the winter of 1921-1922, fourteen 
cultures from single spores were obtained and studied on the varieties men- 
tioned above which had previously given promise of being differential for 

physiologic forms of the rust. The previous study of the rust cultures 
had indicated those which would most certainly produce distinct physiologic 
forms, and the cultures from single spores were made from these. This 
resulted in the finding of a number of distinct forms. 
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During tlie winter of 1921-1922, 129 varieties and strains of common 
wheat were studied for their susceptibility to from 4 to 12 single-spore cul- 
tures of leaf rust. These included most of the varieties which had been 
noted as less heavily ^rusted in the field as well as those noted as resistant 
in the greenhouse studies of previous years. Most of these proved to be 
susceptible to all the cultures used. In a few strains of Michigan Amber, 
Fultz, Fuleaster, Theiss, Red May, Beloglina, and Banat, a few outstand- 
ingly resistant seedlings occurred. These were grown to maturity and are 
giving promise of being valuable resistant lines of these varieties. 

Several of the varieties which in previous years had shown marked re- 
sistance in the greenhouse were again highly resistant to part of the cultures 
in 1921-1922, except for a few susceptible seedlings. These were Mediter- 
ranean (Imperial Amber), C, I. 4860 j Beloglina, G. I. 1544; Beloglina, 
C. I. 2239 ; Pacific Bluestem, C. I. 4821; Banat, C. I. 4879; and Hungarian, 
C. I. 4830. The reaction of Mediterranean, 0. I. 5776 was very similar to 
that of Mediterranean, C. I. 3332 except for what was apparently due to a 
slight mixture by another variety. On account of these impurities, it was 
not considered desirable to- continue to use these varieties in the study of 
physiologic forms until purified for rust resistance. 

During the winter of 1921-1922, those varieties of the durums, emmers, 
spelts and einkorns which had previously shown some promise were studied 
for susceptibility to 12 single-spore cultures belonging to 10 different physio- 
logic forms. Only two of the wheat varieties belonging to these groups, 
Einkorn, C. I. 2433, and Vernal emmer, S. D. 293, were comparable for 
resistance to the varieties listed in table 1. High resistance to certain cul- 
tures was noted in some of the varieties, especially Einkorn, C. I. 2433 and 
Vernal emmer, S. D. 293, the latter being resistant to some degree to all 
forms. In general, however, resistance was only moderate (type 2) and 
in many cases it was rather intermediate between types 2 and 3, well de- 
veloped large and small uredinia being produced with and without either 
necrosis or chlorosis all on the same leaf, an infection comparable to the 
X type of Stakman and Levine (23). While high susceptibility to a num- 
ber of the cultures was shown by some of the varieties, there were usually, 
although not always, some indications of chlorosis. 

Since common bread wheats have been found which sharply differentiate 
the physiologic forms, the above varieties have not been used to any great 
extent in these studies. It is of interest to note, however, that while most 
of these varieties have been only moderately resistant or susceptible in these 
greenhouse studies, they have shown high resistance in the field. Obser- 
vations during the period 1919 to 1924 inclusive, especially at LaFayette, 
Ind. ; Washington, D. C. ; Knoxville, Tenn. ; Experiment, 6a. ; and Madison, 
Wis., show that the varieties of durums, emmers, and einkorn listed above 
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liave been highly resistant in the field, usually showing only flecking with 
the development of a few small uredinia. In a few instances, especially 
in the case of Khapli, there has developed 35 to 50 per cent of rust. In 
the seedling stage in the greenhouse, however, they have shown no such 
uniform rust resistance except in the two instances mentioned above. 

Eleven varieties of common wheat showed marked resistance to some 
of the single-spore cultures. These are Malakoff, C. I. 4898; Turkey 47; 
Norka, C. I. 4377 ; Mediterranean, C. I. 3332; Hussar, C. I. 4843 ; Democrat, 
C. I. 3384; Webster, C. I, 3780; and the unnamed spring varieties, C. I. 
Nos. 3756, 3778, 3747 and 3779. By the use of these, the cultures of leaf 
rust easily could be separated, as they were for the most part either highly 
resistant or highly susceptible to the single-spore cultures. While a num- 
ber of the other varieties mentioned could be used, these eleven give more 
clear-cut differentiations. As they are common wheats, the group in which 
leaf rust resistance is of the greatest importance, it was decided to use this 
set for the time being in a study of physiologic forms. 

Some additional single-spore cultures were made and studied during 
the winters of 1922-1923 and 1923-1924, and two additional physiologic 
forms were distinguished and more information gathered concerning the 
others. 

The susceptibility of the varieties employed, and the characteristics of 
the physiologic forms of the rust so far separated, are given in table 1. To 
designate the various physiologic forms differentiated, Arabic numerals are 
employed to conform to the usage adopted by the American Phytopatho- 
logical Society in January, 1925.® The different forms may be separated 
by a key, which is given in table 2. Under the various physiologic forms 
in table 3 are listed the single-spore cultures according to the locality from 
which the original collection was obtained. 

Each of these 33 single-spore cultures was sown at least two different 
times on 7 to 15 seedlings of each variety. Therefore at least 14 to 30 
seedlings of each of the 11 varieties were inoculated with urediniospores 
from each culture. Certain of these cultures which have been continued 
for some time and have been used in other studies have furnished inoculum 
for a much greater number. Thus certain of the single-spore cultures be- 
longing to physiologic forms 3, 5, and 9 have been transferred to each 
variety from 9 to 13 different times, involving a total of between 255 to 
320 seedlings of each of the 11 differential varieties for each of these single- 
spore cultures. 

No difficulty was experienced in obtaining infection and, except for a 
very few plants, accidental mixtures, all the seedlings showed the character- 

6 See Report of Joint Committee on Nomenclature. Phytopathology 15: 316-317. 
1925. 


TABLE 1. — Types of infection produced hy twelve physiologic forms of the leaf rust of wheat, Puceinia triticina, on eleven dif- 
ferential strains of wheat 
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istic reaction of the variety as given in table 1 for the physiologic form in 
question. There was considerable difference between varieties in the 
amount of variation in reaction. Some varieties, such as Malakoff, Turkey 
47, or Norka, showed very little. To physiologic forms to which these 
varieties were highly resistant, they showed uniformly a very high re- 
sistance under alk conditions of inoculation. On the other hand, to some 
of the physiologic forms, some varieties, as for example Hussar, showed 
considerable variation, often being highly resistant when inoculated in the 
fall or winter and only moderately or slightly resistant when inoculated 
in late spring, indicating an environmental effect upon the reaction. These 
have been included in the range of susceptibility in table 1, With the 
study of additional cultures, it may be desirable to* modify the characteriza- 
tions of some of the physiologic forms to include cultures which may show 
but slight deviations. This is especially true of such forms as have been 
isolated but once and lost after but comparatively little study, including 
forms 1, 7, 8, and 12. 

The reaction of these varieties of wheat to the physiologic forms is in- 
teresting because of the marked differences which were found to occur. The 
varieties Malakoff, C. I. 4898, Norka, C. I. 4377, and Turkey 47 sharply 
differentiate forms 1, 2, 3, 4, 11 and 12 from 5, 6, 7, 8, 9 and 10, being 
very highly resistant (types 0 or 1) to the first group and highly susceptible 
(type 4) to the second (Plate YII, A and C). These three varieties not only 
have agreed with each other in the type of infection produced by each of 
the 33 single-spore cultures belonging to the 12 physiologic forms, but also 
have reacted very similarly when inoculated with 118 bulk cultures obtained 
directly from the field. Malakoff is considered by Clark, Martin and Ball 
(3) to be synonymous with Turkey. This particular strain of Malakoff, 
bearing the 0. I. accession number 4898, was derived from a single head 
selected by Dr. C. E. Leighty at the Kentucky Agricultural Experiment 
Station in 1913. Turkey 47 is a strain of Turkey obtained from the Kan- 
sas Agricultural Experiment Station. Apparently, it originated from a 
hybrid of Turkey with some other bearded wheat, as it was designated 
Turkey x Bearded. The strain, however, has all the characteristics of 
Turkey. Norka, C. I. 4377, originated from a pure-line selection of a 
common wheat made from a plot of Kubanka durum wheat in 1908 by W. 
G. Shelley at Akron, Colo.’’ The Turkey lines are hardy winter wheats 
with white glumes, while Norka is a spring variety with brown glumes. As 
far as the identification of physiologic forms of P. triticina so far studied is 
concerned, Malakoff, C. I. 4898, Turkey 47, and Norka, C. I. 4377, in reality 
constitute but a single differential group. 

In this connection, it is of interest to note the susceptibility shown by 
a number of strains of Turkey (Plate IX, B). Five cultures of rust, to 


1926] Mains and Jackson: Leaf Bust of Wheat 103 

wliieli Malakoff, C. I. 4898, is resistant, were transferred to another strain 
of Turkey received from tlie Kansas Agricultural Experiment Station um 
der the name of Malakoff, Minn. 1479. This strain proved highly suscep- 
tible to all 5 of these cultures. In addition, 15 other strains of Tur- 
key were inoculated with from 3 to 5 cultures of leaf rust to which Malakoff, 
C. I. 4898, is resistant. These were received under the names of Crimean, 
Minn. 832; Crimean, C. 1. 1436; Hungarian, C. I. 5967 ; Kharkof, C. I. 
4897 ; Kharkof, Minn. 1474 ; Kharkof, Tex. 583 ; Kharkof, Tex. 1500 ; Theiss, 
C. I. 4883; Theiss, C I. 5741; Turkey, Minn. 829; Turkey (Alberta Ked), 
Minn. 1488 ; Turkey, Minn. 1548; Turkey, Minn. 1549; Turkey, Tex. 1497 ; 
and Turkey, C. I. 4884. All of these strains of Turkey proved more or less 
susceptible (type 3 or 4). They also were susceptible to a number of other 
cultures to which Malakoff, C. I. 4898, was susceptible. In fact, they were 
susceptible to all the cultures with which they were inoculated. 

It is therefore evident that while two strains of Turkey — ^Malakoff, C. I. 
4898, and Turkey 47 — behave similarly, the variety Turkey is not uniform 

TABLE 2 . — Key to the twelve physiologic forms of the leaf rust of wheat, Pucdnia 


triticina 

JSost au,d reaction Form N 

MalaJsoff, C. I. 4898, resistant^ 

C. I. 3756, resistant 

Mediterranean, 0. I. 3332, resistant 1 

Mediterranean, 0. I. 3332, susceptible 

Hussar, C. I. 4843, susceptible - 2 

Hussar, C. I. 4843, resistant — 3 

C. I. 3756, susceptible^* 

Mediterranean, 0. I. 3332, resistant 11 

Mediterranean, C. I. 3332, susceptible 

Democrat, C. I. 3384, susceptible 12 

Democrat, C. 1. 3384, resistant * 4 

Malakoff, C. I. 4898, susceptiblea 

C. I. 3756, susceptible 10 

C. I. 3756, resistant 

Mediterranean, C. I. 3332, resistant 9 

Mediterranean, 0. I. 3332, susceptible 
Webster, C. I. 3780, susceptible 

Democrat, C. I. 3384, susceptible 7 

Democrat, C. I. 3384, resistant 8 

Webster, C. I. 3780, resistant 

Hussar, C. I. 4843, resistant 5 

Hussar, C. I. 4843, susceptible 6 


a Types of infection 0, 1 and 2 are included here under the term resistant. Types 
of infection 3 and 4 are included under the term susceptible. 

b Physiologic form 11 is included here, although 0. I. 3756 shows a rather inde- 
terminate type between 2 and 3. See table 1. 
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so far as its leaf rust susceptibility is concerned. It is also of interest that, 
although the strains of Turkey wheat are not similar in their behavior, a 
distinct variety, Norka, C. I. 4377, should agree so closely in its behavior 
with two of the strains of Turkey, Malakoff, C. I. 4898, and Turkey 47 
(Plate VII, A and C, Plate IX, B, 2 and 3) . 

A somewhat similar situation exists in the variety Mediterranean. Medi- 
terranean, C. I. 3332, is resistant to physiologic forms 1, 9, 10 and 11, and 
susceptible to the other eight (Plate VIII, B ) . This variety, however, is not 
so clear cut in its susceptibility to some forms as is Malakoff. When re- 
sistant, it may be only moderately so (type 2), as, for example, to forms 
10 and 11 • and oftentimes when it is susceptible to certain forms it is only 
moderately susceptible to them. While many uredinia are produced, they 
may be more or less accompanied by chlorosis as in the case of forms 3, 4, 
6 and 8. Another strain of the variety Mediterranean, C. I. 5776, behaved 
very similarly to C. I. 3332. It apparently was not quite pure. Other 
strains of Mediterranean — C. I. 1395, C. I. 5614, and C. I. 5834 — and Mis- 
souri Bluestem, C. I. 1912, showed themselves highly susceptible to cultures 
of the physiologic forms 1, 9 and 10 (Plate IX, A). It would appear, there- 
fore, that within this agronomic variety there also exist different strains 
distinguishable by differences in their reaction to leaf rust. 

Hussar, C. I. 4843, is resistant to 9 of the 12 forms, namely, 1, 3, 4, 5, 
7, 8, 9, 10 and 11 (Plate VIII, C) . Although it is resistant to a larger num- 
ber of the physiologic forms than Malakoff, C. I. 4898, it is not always so 
highly resistant as the latter ; the type of infection often approaches type 3, 
as in the case of forms 4, 5 and 9. On the other hand, this variety is often 
only moderately susceptible to the two forms, 2 and 6, and is most suscep- 
tible to form 12. Democrat, C. I. 3384, is resistant to six forms, 1, 4, 8, 9, 
10 and 11 (Plate VII, D). It is also not quite so definite in some cases in 
its susceptibility and resistance as Malakoff. 

The unnamed spring variety, C. I. 3756, is resistant to eight forms, 1, 2, 
3, 5, 6, 7, 8, and 9. To form 11 it shows an intermediate reaction. To the 
remaining three forms, 4, 10, and 12, it is highly susceptible. The variety 
C. L 3778 behaves very similarly to C. I. 3756 except that it is susceptible 
to forms 6 and 8 and more susceptible to forms 3 and 11 (Plate VIII, D). 
The spring variety, Webster, is resistant to eight forms, 1, 2, 3, 4, 5, 6, 11, 
and 12 (Plate VII, B). To four forms, 7, 8, 9, and 10, it is highly suscep- 
tible. The unnamed spring variety, C. I. 3747, has behaved very similarly 
to Webster, and the two may be considered as one differential group. 

The unnamed spring variety, C. I. 3779, is resistant to four forms, 1, 2, 
5 and 7. Its reaction to leaf rust, however, is not as pronounced in some 
instances as is the case with others of the differential varieties. Although 
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showing signs of resistance to form 3 (Plate III,. A l)j in that some necrosis 
occurs, moderately large uredinia are produced in' large numbers, many 
being accompanied by only a slight chlorosis. This differs from type 3 in- 
fection in the occurrence of necrotic areas and apparently resembles the 
indeterminate type of infection designated “X” by Stakman and Levine 
(23) for the stem rust of wheat. 


TABLE 3 . — Localities from which the varkms physiologic forms of leaf rust of wheat 

have been obtained 


Physiologic 

forms 

Number 

of 

cultures 

studied 

Source and date 

1 

1 

Pullman, Wash., 1921. 

2 

2 

Murfreesboro, Tenn., 1921; Washington, D. C., 1923. 

3 

5 

1 ■ 

Manhattan, Kans., 1921, 1922; Jefterson, Ga., 1922; Wash- 
ington, D. C., 1923 ; Experiment, Ga., 1924. 

4 

I 2 

St Paul, Minn., 1921; Pullman, Wash., 1921. 

5 

i 2 

Jefferson Co., Kans., 1920; Knoxville, Tenn., 1922. 

6 

3 

Madison, Wis., 1922, 1923; LaFayette, Ind., 1923. 

7 

1 

Washington, D. C., 1921. 

8 

1 

Murfreesboro, Tenn., 1921. 

9 

6 

Raleigh, N. C., 1920; Ames, Iowa, 1921; Manhattan, Kans., 
1922 (4 cultures). 

10 

8 

Brookings, S. D., 1921; Jefferson Co., Kans., 1920; Madison, 
Wis., 1921; St. Paul, Minn., 1923; Bloomington, 111., 
1923; Lexington, Kyi, 1921; Blacksburg, Va., 1921; 
Washington, D. C., 1923. 

11 

1 

Berkeley, Calif., 1923. 

12 

1 

Madison, Wis., 1922. 


The order of the differential varieties, if listed according to the number 
of forms of rust to which they show resistance, would be : Hussar, C. I. 
4843, resistant to nine; Webster, C. I, 3747 and C. I. 3756, each resistant to 
eight; Malakoff, C. I. 4898, Norka, C. I. 4377, Turkey 47, Democrat, C. I. 
3387, and C. I. 3778, each resistant to six; C. I. 3779 and Mediterranean, 
C. I. 3332, each resistant to four. Malakoff, Norka, and Turkey 47 were 
outstanding for their uniform high resistance to all of the six forms to 
which they showed resistance. 

Distribution of physiologic forms. Whether there is any regularity or 
fixity in the distribution of the physiologic forms is a matter of considerable 
importance, especially in connection with breeding for resistance. Most of 
our efforts have been directed towards discovering physiologic forms of the 
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rust and the varieties of wheat by which they may be differentiated. The 
time and labor involved in starting cultures from single spores, in order to 
make certain of purity of cultures, has limited the number of cultures which 
could be studied. While the 33 cultures thus studied cannot be considered 
as giving complete data on the distribution of the forms, taken with other 
data they afford some idea of the situation. Table 3 gives the localitms 
from which the various physiologic forms of rust have been isolated. AWiile 
form 10 is apparently the most prevalent, there is seemingly no sharp 
geographic limitation to the distribution of the various forms in the eastern 
United States. Too few single-spore cultures frorui the west have been 
studied to allow drawing any conclusions as to the apparent absence of such 
forms as 10 and 9 from that part of the country. 

TABLE 4 . — Eeaction of wheat varieties to original culture of leaf rust collected at Pull- 
man, Washington, and to the single-spore cultures isolated from it 


Types of infection on 


Culture 

Malakoff 

G. I. 4898 

Turkey 47 

Norka 

C. I. 4377 

0. I. 3756 

P 

H 

CO 

00 

Webster 

C. I. 3780 

a I. 3747 

C. I. 3779 

Mediterranean 
0. I. 3332 

Hussar 

C. I. 4843 

Democrat 

G. I. 3384 

Original culture 

0(4)a 

0(4) a 

0(4)a 

■ 4 

4 

3(0)a 

1 

4 

0(4)a 

1-2 

0-1 

Single-spore culture 1 












(Physiologic form 1)... 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

Single-spore culture 2 












(Physiologic form 4).., 

0-1 

1 

1 

4 

4 

1 

2 

3 

4 

2-f- 

1 


a A mixture of two types of infection, that represented by the number in parentheses 
being much less abundant. 


Still further light is thrown upon this situation when the single-spore 
cultures are compared with the cultures from which they are isolated. In 
only a few cases, where both the original culture as obtained in the field and 
the single-spore cultures isolated and developed from it were studied, did 
they agree entirely in their behavior. This indicates that the physiologic 
forms of the leaf rust of wheat are quite generally mixed in the field. 

While in most cases no attempt was made to isolate all the forms to be 
found at any one place, in a few cases a number of single-spore cultures 
were made which showed definitely the presence of several forms in the same 
locality. Thus from a collection of leaf rust made by Dr. H. B. Humphrey 
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at Pullman, Washington, on July 25, 1921, two single-spore cultures were 
obtained which differed markedly from each other, as is shown in table 4. 
It is to he noted, however, that the original culture not only showed evidence 
of this mixture of forms, but apparently a third physiologic form was 
present to which Malakoff was susceptible. This may have been form 10 
and apparently made up only a small part of the mixture. 

Another instance of mixture of physiologic forms has been demonstrated 
in the study of cultures from single spores isolated from a collection of rust 
received from Prof. L. E. Melchers from Jefferson Co., Kansas, in 1920. 
While the original culture was not studied on the full set of varieties, the 
results from those varieties inoculated showed evidence (table 5) that the 
original culture was a mixture. Prom this original culture two cultures 
were derived by continuing to transfer the rust to the varieties Malakoff 
and C. I. 3756. From each of the cultures thus developed, another was 
started from a single spore. The results of the study of these two cultures 
are given in table 5 and indicate that the original culture was a mixture of 
physiologic forms 5 and 10. 


TABLE 5. — Reaction of wheat varieties to origmal culture of leaf rust collected in 
Jefferson Co., Kansas, and to the single-spore cultures isolated from it 


Types of infection on 


Culture 

1 Malakoff 

C. I. 4898 

Turkey 47 

Norka 

C. I. 4377 

C. I. 3756 

P 

M 

CO 

•<1 

00 

Webster 

C. I. 3780 

C. I. 3747 

C. I. 3779 

Mediterranean 
0. 1. 3332 

Hussar 

C. I. 4843 

Democrat 

C. I. 3384 

Original culture 

4 

... 


0,4a 

0,4a 

0,4a 


0,4a 

... 

... 

... 

Single-spore culture 1 












(Physiologic form 5) — 

4 

4 

4 

0 

0-1 

0 

0-1 

0 

4 

1 

4 

Single-spore culture 2 












(Physiologic form 10) 

4 

,1 

4 , 

4 

1 

4 

4 

4 

4 

4 

2 

1 

2 


a A mixture of types of reaction in about equal proportions. 


In 1921, leaf rust, then being nsed by Mr, C. 0. Johnston in his green- 
house studies at Manhattan, Kansas, was received for study. A culture 
from a single spore isolated from this material differed markedly from the 
original, as is shown in table 6. The next year Mr. Johnston again sent a 
culture of the leaf rust which he had been maintaining in the meantime in 
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the greenhouse. A study of this again gave nearly the same results except 
that Mediterranean and Democrat showed only a few vrell developed ure- 
dinia where there had been a moderate number before. A culture from a 
single spore (Culture 1) derived from the susceptible type on Mediterranean 
was developed and studied as well as four other cultures from single 
spores (Cultures 2-5) from the rust on Malakoff. The four latter all agreed 

TABLE 6 . — Reaction of wheat varieties to original cultures of leaf mst collected at 
ManhattaUj Kansas, and to single-spore cultiores isolated from it 


Types of infection on 


Culture 

Malakoff 

C. I. 4898 

Turkey 47 

Norka 

C. I. 4377 

C. 1. 3756 

C, I. 3778 

Webster 

C. I. 3780 

C. I. 3747 

p 

H 

00 

■<1 

to 

Mediterranean 
0. I. 3332 

Hussar 

G. I. 4843 

Democrat 

0. I. 3384 

Original culture, 1921 

4 

4 

4 

2 

2 

4 

4 

4 

4,1a 

3 

4,0a 

Single- spore culture 
Physiologic form 3... 

1 

1 

1 

2 

2 

1 

1 

4 

3 

1 

4 

Original culture, 1922... 

4 

4 

4 

2 

2 

3-4 

3—4 

4 

l(4)b 

3 

0(4)b 

Single-spore culture 1 
Physiologic form 3... 

0 

0-1 

0-1 

1 

2 

0 

0-1 

2-h 

4 

0-1 

4 

Single-spore culture 2 
Physiologic form 9... 

4 

4 

4 

2 

2 

4 

4 

4 

0 

2-f 

0-1 

Single-spore culture 3 
Physiologic form 9... 

4 

4 

4 

2 

2 

4 

4 

4 

1 

2 -f 

1 

Single-spore culture 4 
Physiologic form 9... 

4 , 

4 

4 

2 

2 

4 

4 

4 

1 

2-f 

1 

Single-spore culture 5 
Pliysiologic form 9... 

4 

4 

4 

2 

2 

4 

4 

4 

1 

2-1- 

0-1 


a A mixture of two types of infection in about equal proportions, 
b A mixture of two types of infection, that represented by the number in parentheses 
being much less abundant. 


very closely with each other, proving to be physiologic form 9, hut differed 
markedly from that obtained from Mediterranean, which proved to be form 
3. The latter agreed very closely with the single-spore culture obtained in 
1921. Apparently Mr. Johnston’s original culture consisted of a mixture of 
forms 3 and 9, probably in nearly the same proportion. After being carried 
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for a year in the greenhouse, form 3 apparently became reduced and made 
up only a small part of the mixture. 

While it has been impossible to study more cultures derived from single 
spores, some additional evidence as to the mixture of physiologic forms has 
been accumulated. Some data obtained in the earlier part of the study and 
which made evident the necessity of deriving cultures from single spores 
already have been partly discussed. In addition to this, rust was collected 
in 1923 on a number of the differential varieties in several different nurseries 
to determine if the rust in the different localities was homogeneous. The 
results of this study are given in table 7. It would appear that the rust in 
all three localities was not uniform. At least two and probably more physio- 
logic forms were present at each place. It is interesting to note that, both at 
Knoxville and LaPayette, the rust from Meditei^ranean, C. I. 3332, did not 
infect Malakoff when inoculated in the greenhouse, while the rust from 
Malakoff infected both hosts. Apparently, also, the rust on the varieties 
0. I. 3747 and Webster at LaPayette was not well adapted to these varie- 
ties, for they proved highly resistant when inoculated with the rust from 
the same variety in the field. 

There is some evidence that the physiologic forms of leaf rust present 
in any given locality may vary from year to year. While it has not been 
possible to accurately determine the exact identity of these forms from 
studies of single-spore cultures, a study of the susceptibility of varieties in 
the field for several years and testing of the rust cultures in the greenhouse 
indicate that such variations occur. No attempt will be made here to give 
all the data, a few examples being sufficient. 

The variety Malakoff showed only a trace to 5 per cent of rust in the 
varietal nursery at LaPayette in 1919. To cultures of the rust collected 
that summer and studied during the winter in the greenhouse, Malakoff 
showed only a slight flecking, agreeing with the field evidence and indicat- 
ing that physiologic forms of leaf rust to which Malakoff is susceptible were 
either scarce or lacking at LaPayette in 1919. In 1920, Malakoff showed 
50 to 65 per cent of rust in nurseries; and studies conducted during the 
following winter in the greenhouse indicated that two physiologic forms 
were present, this variety being highly susceptible to one culture and re- 
sistant to the other. While not especially studied in the greenhouse the 
two following years, the host reaction in the field and the results shown in 
table 7 for 1923 indicate that two or more physiologic forms were again 
present, Malakoff being susceptible to at least one form and resistant to 
another. 

There is also some evidence that, while physiologic forms to which Mala- 
koff is susceptible may be present over a wide territory (table 3), they 
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develop best in the hard winter and spring wheat areas of the United States, 
where they are more frequently isolated than in the south and east. Thus 
in the territory comprising the States of New York, Pennsylvania, District 
of Columbia, Virginia, North Carolina, South Carolina, Georgia, Alabama, 
West Virginia and Mississippi, 29 collections of leaf rust have produced no 
infection on Malakoff, 23 produced heavy infection, and 9 were very evident 
mixtures. In the territory comprising the States of Tennessee, Kentucky, 
Indiana, Michigan and Illinois, only 7 collections produced no infection on 
Malakoff, 28 infected that variety heavily and 7 were evident mixtures. In 
the territory including the States of Wisconsin, Minnesota, South Dakota, 
Iowa, Kansas, Oklahoma, Arkansas and Missouri, only 3 collections pro- 


TABLE on wheat varieties caused ly cultures of the leaf rust of wheat 

obtamed from different varieties in the field 


Location of 

Varietal 

Nursery 

Variety of 
wheat from 
which culture 
was obtained 

Pereentagea 
of field sus- 
ceptibility of 
variety from 
which culture 
was obtained 

Malakoif 

0. I. 4898 

Ty; 

P 

H 

CO 

CJl 

a> 

pes of i 

hS. 

' o 

CO ^ 

00 

o 

nfeetic 

P 

w 

CO 

CO 

( 

d Mediterranean 
' ° 0. I. 3332 

Democrat 

G. I. 3384 

■Washington, 

C. I. 3756 

100 

0 

4 

1 

4, lb 

4 

4 

D. G. 

Webster 









C. I. 3780 

50 

0 

4 

2 

4 

4 

4 


Mediterranean 









0. I. 4860 

100 

4 

4 

0 

4 

4, lb 

1 

Knoxville, 

Malakoffi 

trace — 




1 



Tenn. 

C. I. 4898 

25 

4 

3 

0 

4 

4 

2,4b 


Norka 









C. I. 4377 

50 j 

4 

3 

0 

4 

4 

4 


Mediterranean 









0. I. 3332 

100 

0 

0 

0 

4 

4 

4 

LaFayette, 

Malakoffi 








Ind. 

C. 1. 4898 

35-65 

4 

1 

1 

2 

4,1 



C. L 3756 

75-100 

4,1b 

3 

1 

4 

4 



Webster 









G. L 3780 

5-25 

3 

1(4)0 

1 

3 

4 



C. 1. 3747 

5-25 

3 

1 

1 

4 

3, lb 



Mediterranean 









C. 1. 3332 

75-100 

0 

2 

0 

3 

4 



Hussar 









C. I. 4843 

25-50 

3(1)0 

1 

0 

4 

4 

4 


a Based upon scale used in the Office of Cereal Investigations, 
b Approximately equal mixture of types indicating mixture of physiologic forms, 
c Mixture of types, that in parentheses being less abundant, indicating unequal mix- 
ture of physiologic forms. 
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4uced no infection on Malakoff, 22 infected that variety heavily, and 5 were 
evident mixtures. From Arizona, Utah, Nevada, Montana, Idaho, Wash- 
ington, Oregon and California, 11 collections caused no infection on Mala- 
ioff, only one infected Malakoif heavily, whereas 3 evidently were mixtures. 
Although physiologic forms to which Malakoff is resistant occur in the sec- 
ond and third groups of states, yet it is apparently in this region that those 
forms to which Malakoff is susceptible are the most prevalent, decreasing 
eastward, southward, and especially westward. 

DISCUSSION 

The results of this investigation show that the leaf rust of wheat con- 
sists of a number of physiologic forms distinguished by differences in their ■ 
-ability to parasitize varieties of wheat. A situation thus exists in this rust 
similar to that reported by Stakman and Levine (23) for the stem rust of 
wheat. In both eases these physiologic forms show but little morphologic 
basis for distinctions and are best identified by their effect when transferred 
to certain varieties of wheat. 

Twelve physiologic forms of the leaf rust of wheat have been isolated 
"thus far and distinguished by using 11 strains of wheat, comprising eight 
differential groups. Several of these forms of rust differ markedly from 
each other. For example, while all the eleven varieties are resistant to 
form 1, only three are resistant to form 10. Vernal emmer, S. D. 293, 
is the most outstanding of the varieties for resistance in the seedling stage 
in greenhouse studies, being more or less resistant to all of the cultures sown 
upon it. Unfortunately no variety of bread wheat has been found resistant 
to all of the physiologic forms of leaf rust, although several were resistant 
to eight of the twelve forms. 

With the exception of Vernal emmer, S. D. 293, no other variety has 
been found resistant in the seedling stage to all the physiologic forms of 
leaf rust of wheat in these studies. On the other hand, no physiologic form 
of leaf rust has been discovered so far to which several varieties or strains 
of wheat have not been found resistant. In view of the results obtained 
by Hayes and Aamodt (10), Harrington and Aamodt (9), and Puttick 
(21), in connection with breeding wheat for stem rust resistance, it seemed 
very probable that wheats can be made still more generally resistant to leaf 
rust by selecting as parents of crosses those varieties which will combine 
resistance to the largest number of physiologic forms of leaf rust. Studies 
now being conducted with such crosses indicate that resistance to leaf rust 
may be combined in a similar manner. It should be emphasized, however, 
that a number of varieties, Kanred among the common bread wheats and 
especially certain varieties of the durums, emmers, and einkorns have gen- 
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erally exhibited a remarkably high resistance in field sowings. Most of 
these, however, under greenhouse conditions have not shown a reaction to 
all the physiologic forms at all comparable to their reaction under field 
conditions. Although many of the durums, emmers, and einkorns can be 
used as differential varieties, their susceptibility to a number of the forms 
is not so clear as is that of those varieties which have been selected and used 
for that purpose. 

It is evident that what we in general call resistance to leaf rust of wheat 
is not due to one factor, but is caused by a number of different factors. 
Thus the high resistance shown by Malakoff, C. I. 4898, Turkey 47, and 
Norka, C. I. 4377 to six of the twelve physiologic forms of leaf rust, namely, 
1, 2, 3, 4, 11 and 12, to all appearances is very similar to that shown by 
Mediterranean, C. I. 3332. The latter, however, is susceptible to physio- 
logic forms 2, 3, 4 and 12, but resistant to 9 and 10, to which the first three 
varieties are susceptible. Other varieties show^ still other manifestations 
of this condition. Again, while some varieties like Malakoff possess a re- 
sistance w'hich apparently is not easily changed, others, like Kanred and a 
number of durum and emmer varieties, may show a much higher resistance 
in the field than they do when grown in the greenhouse. 

The resistance found in the strains of wheat, Malakoff, C. I. 4898, Tur- 
key 47, and Norka, C. I. 4377 presents an interesting situation. These 
strains have all behaved very similarly, indicating that their rust resistance 
is likely to be due to the same factor or factors. The first two are con- 
sidered by Clark, Martin, and Ball (3) as synonymous with Turkey, a white 
chaffed winter wheat. Norka is a brown chaffed spring wheat. While 
agreeing with Norka in reaction to leaf rust, Malakoff, C. I. 4898, and Tur- 
key 47 differ markedly from a number of other lines of Turkey. In a 
similar way, Mediterranean, C. I. 3332, differs in its reaction to leaf rust 
from a number of other strains of Mediterranean wdieat. 

As the various strains of Turkey are grouped together in that variety 
largely because they possess in common such morphologic characters as 
winter habit, a white weak stem, awned spike, white glabrous glumes and 
hard red kernels, the lack of uniformity for rust resistance among such 
strains would indicate that the leaf-rust resistance of Malakoff, C. I. 4898, 
is not likely to be linked with any of these characters. For the same reason, 
the leaf -rust resistance of Mediterranean, C. I. 3332, is not likely to be 
linked with such characters as winter habit, purple stem, glabrous brown 
glumes, bearded spike, and soft red kernels. 

From the above, it evidently is unsafe to draw general conclusions con- 
cerning agronomic varieties of wheat from the results obtained by the study 
of a single strain of the variety. If comparable results are desired in the 
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study of physiologic forms of leaf rust, the same pure-line resistant strain 
of the variety must be used by the various investigators. As resistance in 
most instances apparently is a physiologic character, or a combination of 
several such characters, rust-resistant lines of wheat can be distinguished 
with certainty only through their reaction to the rust. The rust and host 
are interacting organisms, and their reactions serve to characterize each 
other. 

The twelve physiologic forms of leaf rust have been studied hardly long 
enough to justify any definite conclusion as to their fixity. The accumu- 
lated evidence, however, indicates that there is no very great change in their 
ability to infect varieties beyond a slight fluctuation, due probably to the 
effect of changing environmental conditions on the host. 

The physiologic forms of the leaf rust of wheat apparently are very 
seldom found pure in any locality, but usually several are found mixed 
together. This is not surprising, as the leaf rust organism is a wind-blown 
pathogene. Wheat is grown quite generally throughout the eastern and 
central United States, and leaf rust is very common in this territory every 
year. The studies of Stakman et al (22) on the spore content of the upper 
air show that leaf rust urediniospores are found up to an altitude of 10,000 
feet or higher. This indicates that spores may be blown long distances from 
their point of origin. When we consider that wheat is usually quite gen- 
erally infected with leaf rust, and that wheat is so commonly planted, in 
some localities almost in continuous areas, it is not surprising that there is 
more or less mixture of physiologic forms of rust. 

It is possible, however, that different climatic conditions in various parts 
of the United States may impose some limitations on the prevalence of the 
different physiologic forms. It is conceivable that the physiologic forms 
may differ in respects other than in ability to infect certain varieties of 
wheat. They may differ in the range of temperatures through which their 
spores will germinate, in ability to develop in the host under various cli- 
matic conditions, and in ability to survive the winter in the host tissue. The 
studies of Hursh (12) and Peltier (20) with physiologic forms of the stem 
rust of wheat have shown that these differ somewhat in ability to germinate 
and infect under some of these conditions. The varieties of wheat grown 
in any given region also undoubtedly play some part. While these factors 
may not entirely prevent physiologic forms from developing, they may play 
a considerable part in determining the relative prevalence of the forms. 

It is evident, however, that both the existence of physiologic forms, with 
their differences in ability to parasitize varieties, and the apparent fluctua- 
tions in their distribution complicate exceedingly the problem of breeding 
wheat varieties resistant to leaf rust. This situation makes desirable a 
complete knowledge of the physiologic specialization in the rust and a 
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knowledge of the susceptibility of wheat varieties to the various physio- 
logic forms. It is desirable that, if possible, some clew be obtained concern- 
ing the origin of such forms, or at least, whether new forms are being orig- 
inated frequently. This investigation therefore offers no hope of immediate, 
complete solution. 

The results here recorded can be considered only as merely introducing 
the problem. This study can be considered only as a preliminary survey 
of the question of specialization in the leaf rust of wheat. Other varieties 
and strains of wheat will be discovered, possessing resistance to physiologic 
forms of leaf rust. Such additional differential varieties will make possi- 
ble the identification of forms which can not now be distinguished. Witli 
Malakoff the only differential variety, only two forms of rust could be dis- 
tinguished ; by the use of C. I. 3756 in addition, four forms were recognized. 

It is necessary, also, to recognize that some of the varieties which have 
been discarded because of their susceptibility to all the cultures used in 
these investigations may show resistance to physiologic forms which have 
not yet been isolated in a pure condition. For example, it is very likely 
that Malakoff would have been discarded if the cultures obtained in the 
beginning of this work had been restricted to the great-plains region where 
physiologic forms of the leaf rust to which Malakoff is susceptible appar- 
ently predominate. The method followed in these studies of using cultures 
■ of rust from as many sections as possible, and the study of varieties in 
nurseries in various localities, it is believed, reduce the possibility of over- 
looking resistant varieties. 

It must also be recognized that the information on susceptibility has 
been obtained on seedlings of the various varieties grown in the greenhouse. 
It does not follow that the reaction in the field will be identical. In fact, 
as stated, varieties which have shown promising resistance in the field have 
been more or less susceptible in the greenhouse studies. Such varieties are 
not being discarded but are being studied in the nurseries, the reason for 
the apparent difference in behavior being an important question for future 
investigation. While it is by no means definitely established, from the in- 
formation at hand, it would appear that varieties resistant in the seedling 
stage in the greenhouse are likely to be fully as resistant or even more 
resistant to the same, physiologic form in the later stages of development 
of the wheat plant in the field. 

NOMENCLATURE OF LEAF RUSTS 

It may be well to discuss here briefly the nomenclature which has been 
used in connection with the leaf rust of wheat. While the whole question 
of nomenclature of physiologic forms is too unsettled to attempt to draw 
final conclusions in regard to the name which should be used for this rust, 
yet a brief discussion of the situation with respect to this particular rust 
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and a few comparisons seem desirable. When Eriksson and Henning (7) 
separated Puccinid gluMctTUfii from the leaf rusts of the cereals and wild 
grasses, they proposed the name Puccinia dispersa for the remainder of the 
leaf rusts on wheat, rye, and wild grasses. Eriksson (5), as the result of 
further studies, recognized four specialized forms or varieties in this spe- 
cies: 1. secalis on Secale cereule with aecia on Anchusa spp. ; 2. tritici on 
Triticum vulgare; 3. Iromi on Bromiis arvensis and B. hrizaeformis ; and 
4. agropyri on Agropyron repens, the last three with aecia unknown at that 
time. 

As the result of still further study, Eriksson (6) found that each of 
these forms was very closely specialized to a few hosts and considered that* 
they were therefore worthy of being considered as species. He retained the 
name Puccinia dispersa tor the form on rye. The leaf rust of wheat was 
named Puccinia iriticina; that on species of Bromus, Puccinia Iromina; 
that on Agropyron repens, Puccinia agropyrina; that on Eolcus lanatus 
and H. mollis, Puccinia Jiolcina; and that on Trisetum flavescens, Puccinia 
triseti. It is to be noted that these rusts are to be distinguished largely 
by physiological differences, host specialization, time of spore germination, 
etc., as only minor morphologic differences occur. 

Since these studies of Eriksson were published, a number of investi- 
gators have extended our knowledge of the host specialization of this group 
and have demonstrated the aecial connection of several additional forms 
with different species of the families Boraginaceae, Hydrophyllaceae, 
Ranunculaceae, and Balsaminaceae. With one or two exceptions, there is 
a more or less close specialization to a few species of hosts, while the mor- 
phology is very similar. A number of investigators, following Eriksson’s 
lead, have considered these specialized forms of rust worthy of specific rank 
and have given names to them. The writers (13) have discussed a number 
of those forms which have aecia on species of Thalictrum, but a fairly large 
number of other genera of the Ranunculaceae, as well as Boraginaceae, 
Hydrophyllaceae, and Balsaminaceae are known to include aecial hosts for 
the grass rusts of this group. 

Some investigators, however, have not considered all of these forms 
worthy of specific rank. Thus Arthur and Promme (1) list a number of 
such forms, including the leaf rust of wheat, having aecia upon different 
species of the family Ranunculaceae, as belonging to one species, Dicaeoma 
clemaiidis (DC.) Arth. Cunningham (4), concurring in this view but 
objecting to this name on the basis that it was a name first applied to the 
aecia and not tenable according to the International Rules of Nomenclature, 
considers that the name Puccinia ely mi Westnd. should be used. Forms 
having aecia on species of the families Boraginaceae {Puccinia dispersa, P, 
hromina), lljdTophjllaGea>e (Puccinia apocrypta Ellis & Tracy), and Bal- 
saminaceae (Puccinia impatientis (Schw.) Arth.), however, do not differ 
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morphologically from those with aecia on species of the Ramincnlaceae more 
than the latter differ among themselves. In consequence, if species are to 
be founded entirely or largely on a morphological basis, it would seem that 
these also should be included. We would then have the interesting situa- 
tion that the species as thus conceived would be at least very similar to 
Eriksson’s original conception of the species Pucci%i<x dispefsd. However, 
it would be more desirable to use the name Puccinid rtibigo-vera (DC.) 
Wint. for this species as thus conceived, because the name Puccinia dispersa 
has become established in the literature as applying only to the race of leaf 
rust found on rye* If aecial names are used, the name would be Puccinid 
asperifolii (Pers.) Wettst. There would be much less confusion involved 
in using the name Puccinid riibigo-vefd, which was more or less extensively 
used for this group of rusts until superseded by the names proposed by 
Eriksson for the different races. 

If the leaf rusts of rye, wheat, and wild grasses, with the general mor- 
phology of the leaf rust of wheat, are considered as one species, the situation 
would be more nearly comparable to that of the stem rust of wheat, Puc- 
cinid grdminis, especially if the stem rust of timothy, with its aecia un- 
known, is considered as belonging to the latter species. The leaf rust 
species would then consist of a large number of races which, however, would 
be distinguished not only by the grass host to which they are specialized, 
but unlike Puccinid grdminis/ also by the aecial hosts to which they are 
specialized. Upon this basis the race of leaf rust of rye would then be 
Puccinid ruhigo-verd dispersd (or secdlis) ; that of Agropyron repem, Puc- 
cinid rubigo-vcTd dgropyrind; that of wheat, Puccinid rubigo-verd triticina 
(or t fit id), with suitable names for other grass races. With this concept, 
the physiologic forms of the leaf rust of wheat would be denoted in a way 
similar to that employed for the physiologic forms of stem rust. Thus 
form 1 would be Puccinid ruhigo-verd triticina p. f. 1, and the others 
would be designated similarly. 

The writers believe that such a treatment of these leaf rusts is desirable, 
as it brings out most clearly the basis upon which they are distinguished. 
However, it is somewhat doubtful whether, because of the general use in 
the literature of such names as Puccinia dispersa for the leaf rust of rye, 
and Puccinid triticina for the leaf rust of wheat, such a change might not 
be more confusing than clarifying. It is largely for this reason that the 
name Puccinia triticina haB been used in this paper. It should be kept in 
mind, however, that, if binomials are retained for these rusts, they apply 
to groups of rusts which can be distinguished from groups of similar 
morphology very largely by their physiologic specialization to certain hosts, 

7 The stem rust of timothy with its aecial host unknown hut not producing aecia on 
Berheris vidgaris, the aecial host for the rest of the species, may be an exception. 
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and therefore are comparable to races or varieties in such species as Fuc- 
cinia graminis. 

summary 

1. The leaf rust of wheat, Puccinid triticiTidj consists of at least twelve 
physiologic forms distinguished by the manner in which they infect eleven 
selected differential strains of wheat. 

2. Twenty-five strains of wheat have been found to be more or less re- 
sistant to one or more of these forms. These are Malakoff, C. I. 4898; 
Turkey 47; Norka, C. I. 4377; Mediterranean, C. I. 3332; Mediterranean, 
C. I. 5776; Mediterranean (Imperial Amber), C. I. 4860; Hussar, C. I. 
4843 ; Beloglina, C. I. 1544 ; Beloglina, C. I. 2239 ; Pacific Bluestem, C. I. 
4821; Webster, C. I. 3780 ; unnamed spring wheats, C. I. Nos. 3756, 3778, 
3747, and 3779 ; Peliss, C. I. 1584 ; Acme, S. D. 284 ; Arnautka, Minn. 337 ; 
Monad, C. I. 3330; Mindum, C. I. 5296 ; Khapli emmer, C. I. 4013; Vernal 
emmer, S. D. 293; Double einkorn; and Einkorn, C. I. 2433. 

3. Of these, eleven varieties, comprising eight differential groups, have 
been found to distinguish best the twelve physiologic forms of the rust. 
These are Malakoff, C. I. 4898 ; Turkey 47 ; Norka, C. I. 4377 ; Mediter- 
ranean, C. I. 3332; Hussar, C. I. 4843; Democrat, C. I. 3384; Webster, C. 
I. 3780; and the unnamed spring varieties, 0. I. Nos. 3756, 3778, 3747, and 
3779. 

4. The physiologic forms of the rust are distinguished by the reaction 
shown by these varieties when infected with leaf rust. No form has been 
found so far to which all of these varieties are susceptible. On the other 
hand, other than the variety Vernal emmer, S. D. 293, no variety has been 
found which in the seedling stage in the greenhouse has proved highly re- 
sistant to all twelve of these forms. 

5. The physiologic forms of the leaf rust of wheat are not generally 
found pure in the field, but practically always several are found mixed 
together. 

6. In order to study and identify such forms, it is necessary to obtain 
them in a pure condition. For this purpose, pure lines of the rust have 
been developed by starting each culture from a single urediniospore. 

7. Physiologic forms of the rust are neither fixed nor limited in their 
distribution. Apparently those forms to which Malakoff, €. I. 4898, is 
susceptible are the most prevalent in the central west, while those to which 
this variety is resistant are more common in the east and south. 

8. Agronomic varieties of wheat are not necessarily uniform in their 
reaction to leaf rust. Different strains of such varieties may differ mark- 
edly in their reaction. 

. Purdue University , 

Aoricultural Experiment Station, 

LaPayette, Indiana. , / 
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Plate VI 

Types of reaction shown by wheat to leaf rust, Puccinia triticma. x3. 

0. Highly resistant,* no uredinia formed; flecked. 

1. Very resistant; more or less flecked, accompanied by few small uredinia. 

2. Moderately resistant; uredinia fairly abundant and of moderate size, accom- 
panied by necrosis. 

3. Moderately susceptible; uredinia fairly abundant and of moderate size, some- 
times with chlorosis. 

4. Very susceptible; uredinia abundant, large, sometimes in more or less pronounced 
green islands. 

Upper row from left to right: (0) Horka by form 12; (0) Malakofl by form 1; 
(1) Malakofe by form 3; (1) 0. I. 3780 by form 3; (2) Peliss by form 9; (2) 0. I. 
3756 by form, 9. 

Lower row from left to right: (3) Arnautka, Minn. 337 by form 5; (3) Imperial 
Amber by form 5; (4) C’. I. 3769 by form 9; (4) 0. I. 3756 by form 12 (eomxiare 
under 2) ; (4) Norka by form 9 (compare under 0) ; 0. I. 3747 by foi*m 9. 

Plate VII 

Comparison of four differential varieties of wheat for reaction to three i3hysiologic 
forms of leaf rust, Puccinia triticma. 

1. Form 3 2. Form 9 3. Form 11 

A. Norka, C. I. 4377 resistant susceptible resistant 

B. Webster, C. I. 3780 resistant susceptible moderately 

resistant 

C. Malakoff, C. I. 4898 resistant susceptible resistant 

D. Democrat, 0. I. 3384 susceptible resistant resistant 

Note the close agreement of Norka (A) and Malakoff (C). 

Plate VIII 

Comparison of four differential varieties of wheat for reaction to three physiologic 
forms of leaf rust, Puccimci triticina. 

1, Form 3 2. Form 9 3. Form 11 

A. C. I. 3779 moderately susceptible susceptible 

susceptible 

B. Mediterranean, C. I. 3332 moderately resistant resistant 

susceptible 

C. Hussar, C. I. 4843 resistant moderately resistant 

resistant 

D. C. I. 3778 moderately moderately susceptible 

resistant resistant 
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Plate IX 

Difference in reaction to the same physiologk form, I, of leaf rust, Fuccinia triti- 
dna, shown by different strains of the same variety. 

A. Variety Mediterranean; Besistant, (1) strain C. I. 3332, (2) strain C. I. 5776; 
Susceptible, (3) strain C. I. 5834, (4) strain C. I. 1395, (5) strain C. I. 5614. 

B. Variety Turkey; Resistant, (2) Malakoff, C. I. 4898, (3) Turkey, strain 47; 
Susceptible, (4) Malakoff, Minn. 1479, (5) Turkey strain Minn. 1548, (6) Turkey strain 

Minn. 1549, (7) Kharkoff, 0. I. 4897. _ , « r, t .ooo 

Bl. Norka, C. I. 4377, agreeing in resistance with the Malakoix, 0. I. 4898, and 

Turkey 47, strains of Turkey. 
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THE OVERWINTERING OF PHYTOPHTHORA INPESTANS 

(MONT.) DE BY. 

Helena L. G, DE Beuyn 
With Three Figures in the Text 

INTRODUCTION 

The overwintering of Phytophthora infestans, the potato blight fungus, 
is still an unsolved pro-blem. Since De Bary^s idea (2, 3, 4) that the sur- 
viving mycelium in the diseased potato tuber is the only mode of hiberna- 
tion of the fungus, numerous efforts have been made to settle this question 
experimentally, but no definite, convincing results have been obtained. 
Many observed facts still point to the inadmissibility of De Bary^s opinion, 
and suggest other explanations for the overwintering of the fungus. The 
most satisfactory one is that of the hibernation of the fungus in the field ; 
and as long as no striking results are obtained to show that this is impos- 
sible, it may be looked upon as explaining the observed facts far better than 
the theory that the diseased tuber is the only way by which the fungus 
remains alive. This does not mean, however, that mycelium hibernating in 
the tuber may never be the source of infection of the foliage of the succeed- 
ing yearns crop. It is quite possible that under special circumstances the dis- 
eased tuber may be, in some way or other, the origin of the outbreak of the 
disease. All outbreaks, however, cannot be explained in this way, e.g,, those 
starting very late in the season during dry summers. The first thing to 
esablish is whether overwintering in the field can occur, and then to 
determine what part such overwintering plays in the life history of the 
fungus. 

The problem may be solved by field observations and by experimental 
methods. The field method presents enormous difficulties, although Brooks 
(6) and his co-workers gathered much evidence for the persistence of 
PJiytopMliora in the field during their investigations. However, the study 
of the development of the fungus under different conditions in the labora- 
tory is also of much value. In this respect the discovery of the occurrence of 
oospores in pure cultures by Clinton (11) and by Pethybridge and Murphy 
(26) has been of great importance, since the failure to find resting spores 
was one of the principles underlying De Bary*^s opinion. The discovery of 
an oospore in pure culture on sterilized soil (8) increased the probability 
of the occurrence of oospores under natural conditions. 
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The saprophytic life of the fungus is closely related to the problem of 
hibernation. The author has proved that P. mfestam is not so strict a 
parasite as was thought formerly. It was also ascertained that it can live 
in pure cultures on different types of soil (7). The existence of the fungus 
in the soil, and its growth there in the absence of living potatoes, strengthens 
the idea of hibernation independent of the potato tuber. 

The great problem concerning overwintering which remains to be solved, 
however, is the question whether the fungus can endure the low tempera- 
tures of winter. No definite results were obtained on this matter in pre- 
vious work. Following this, the question arises as to the form in wliieli the 
fungus can withstand the cold. Are oospores necessary, and under what 
conditions are they formed? The present investigation was undertaken to 
settle these questions, since more exact methods were now possible in low 
temperature experiments, owing to the availability of a refrigerator. At 
the same time, additional information was obtained concerning the sapro- 
phytic life of the fungus. 

THE SAPROPHYTISM OF PHYTOPHTHORA INFESTANS 

About the beginning of the present century, various investigators suc- 
ceeded in growing the blight fungus in pure culture on different media, 
thus proving that it is not so strict a parasite as was thought formerly. 
Most of the investigators considered its saprophytism to be rather narrow. 
Enumerating the various media used, however, makes it evident that a great 
variety of substances are able to nourish the fungus. P. infestans may re- 
quire special conditions for its growth, but is not restricted to a few sub- 
stances for food material. 

Good growth was observed on many plant media, viz., potato, oat, maize, 
lima and white bean, Spanish melon, and vegetable marrow [Matruchot and 
Molliard (23), Brefeld (5), Clinton (9) (10) (11), Jones, Giddings, and 
Lutman (13), Pethybridge and Murphy (26)]. Those substances were 
prepared in different ways and used alone, moist, or mixed with agar or 
gelatin. The potato, Spanish melon, and vegetable marrow were also used 
in living condition. 

Hecke (12) used decoctions of plums, tomatoes, cherries, and potato 
leaves in moist chambers and in watch glasses for the study of the germina- 
tion of the eonidia. He writes: ^'By transferring these several times one 
gets at last a pure culture. From this it is not clear whether Hecke really 
grew the fungus in pure culture on these media for any length of time. 
Attempts by the present author to grow the fungus in plum and cherry 
decoctions of different concentration or neutralized with KOH gave unsatis- 
factory results. Plum and cherry decoctions, therefore, are not being added 
to the list of media on which P. infestans can thrive. 
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In addition to those made from vegetable material, synthetic media were 
used. Matrnchot and Molliard (23) state that the fungus grew in a three 
per cent solution of glucose in water. Jones, Giddings, and Lutman (13) 
describe good or fair growth on some ten S3nithetie media of varying compo- 
sition, while Kossowicsz (14, 15, 16, 17, 18, 19, 20, 21) used about 50 dif- 
ferent combinations successfully. Kossowicsz proved that P. infestans can 
utilize uric acid, hippuric acid, glycocol, or guanin as sole sources of carbon 
and nitrogen ; that urea, guanidin, potassium sulphocyanide, nitrite, nitrate, 
or calcium eyanamide can be the sole sources of nitrogen ; and that as the 
sole carbon compound in the solution, either saccharose, dextrose, or mannite 
suffices. P. infestans therefore does not require special substances as nutri- 
ment, but^k obtain the necessary carbon and nitrogen in quite, dif- 
ferent forms. 

Kossowicsz used liquid media. Most of the earlier investigators were 
of the opinion that it made no difference whether liquid broth or solidi- 
fied agar or gelatin were used. Clinton preferred agar to gelatin. Lohnis 
(22) stated that she obtained better results when one instead of two per 
cent agar was used. According to the writer’s experience, P. infestans 
requires rather moist media. Although agar or gelatin may give good 
growth, the fungus grows better on a mixture of firm material with liquid. 
For the experiments described here the standard medium consisted of three 
or four maize kernels in an excess' of water. A thick mat was formed on 
the surface of the liquid, and pieces of this mat were very handy for 
transferring. t' ' 

The growth of P. infestans in pure culture ou different types of soil (7) 
also is of importance in relation to its saprophytic life. Bog soil, clay, and 
leafmold proved to be better media than sand, although on the last named 
slight growth occurred. Best of all is sterilized manure, which could be 
added to the list of media in 1923 (8). The fungus has remained alive 
on bog soil with no other food material for nearly four years, and has 
been transferred only when the soil in the tube became dry. On manure 
the fungus has now been living for two and one-half years. The constitu- 
ents of the soil, as well as those of manure, suffice as nourishment for 
the fungus. 

Since the organic parts of the soil form probably the chief substances on 
which the mycelium feeds, and since these consist partly of old plant 
remains, attempts were made to determine to what extent portions of dif- 
ferent plants could be used as media for growth. The condition of the plant 
before sterilization was observed to influence the behavior of the fungus. 
Parts taken from living plants gave different results from those obtained 
when dead and discolored parts of the same kind of plant were used. The 
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plants were cut into pieces, placed in tubes and covered with distilled water. 
Enough water was used so that after sterilization only the upper portions 
were above the water level. The fungus was transferred to these tubes from 
the stock culture on maize kernels. 

On the best media, growth was noticeable within a few days after in- 
oculation. On certain others no growth could be recognized at the begin- 
ning, although it started later and resulted, in the end, in very good my- 
celial development. It made no difference whether the tubes were used 
immediately or some months after sterilization. On certain media only 



Fig. 1. a. Culture of FhytophtJvora mfestans on wheat straw. 

b. Culture of Fhytophthor a mfestans on fresh and dead stems of the same variety 
of potato, a fortnight after inoculation. 


slight growth took place at the beginning and practically no increase of 
mycelium occurred during six months. In some of these cases of very dubi- 
ous growth, the original piece of mycelium was transferred after four and 
one-half months to a more suitable medium. Excellent development re- 
sulted, thus proving the inhibitory action of the previous medium on the 
growth of the fungus, and the strong vitality of the organism. There also 
is a difference in the proportion of tubes in which the fungus developed. 
On the good media, growth was obtained in all the tubes inoculated, while 
in other eases growth was observed in only a very small number of tubes. 

Table 1 gives a list of the plants used and the results obtained (Figs. 
1 and 2). 
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TABLE 1. — Growth of Fhytophthora infestoiTis cm various sterilised vegetable media 


Medium 

Oat straw 
Wheat straw 
Rye straw 
Rye haulms ; • fresh 
Grass j fresh 

Potato stem; dry, brown 
do fresh, green 

Mquisetum; dry, brown 
do fresh, green 

Bean stem; dry, brown 
do fresh, green 

Horse bean stem; dry, brown 

do fresh, green 

do pod; dry, black 
do pod; fresh, green 

Rhubarb flower stalk; dry, brown 
do petiole; fresh, green 
Chrysanthemum leucanthemum ; dry, brown 
do fresh, green 

Beet root; fresh 
do petiole; dead 
do do fresh 

do flower stalk; dry from previous year 
do fresh 

Tomato fruit; 
do stem ; dry 
do fresh 

Carrot root 

Pteridium aquilinum; dry, brown 
Calluna vulgaris; dry, brown 
Larix needles; dry, brown 
Mixture of various plants 1 

gathered at the side of I dry, brown 
a ditch 


Character of growth 

Very good 
do 
do 

Good in 50% of the tubes 
Fair 

Very good 

Slight after one month, good after two 
months 
Very good 
Very slight 
Good 

Slight after one month, fair after two 
months 
Good 

Very slight after two months in two 
tubes out of eight 
Good 

Slight after one month, good after two 
months 
Good 
None 
Good 

Very slight after three months in one 
tube out of six 
None 
do 
do 

Good 

None 

None 

Very good 

Good after three months in one tube out 
of seven 
Fair 
Good 

Slight in one tube out of six 
None 

Good 


The most striking fact is the far better growth of the fungus on sterih 
ized, old, dried, brown parts of plants than on sterilized fresh plant parts. 
In some cases the fungus flourished on the sterilized, withered plant re- 
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mains, while no growth -whatever took place on the same kind of plant ster- 
ilized in fresh condition. When growth occurred on fresh plant parts, it 
was always much less than that which occurred when the fungus was grown 
on dead parts. It is evident that the fungus prefers partially decayed 
plants, and this leads to the conclusion that, on the whole, P. infest am pos- 
sesses more saprophytic than parasitic tendencies. 

The explanation of this fact must be either that the substances in the 
plants are altered to such an extent through withering that only after this 
can they be utilized as food by the fungus, or that the fresh plants contain 
substances which inhibit growth. Since P. infestans can grow in solutions 
of widely varying and rather simple composition, it is not very likely that 
food material is lacking in any plant decoction. It is highly probable, 
therefore, that the second supposition holds true. 

The inhibiting factor may be either some specific substance or the con- 
centration in which one or more of the substances are present. Jones, 
Giddings, and Lutman (13), as a result of their experiments with synthetic 
media, are of the opinion that a high concentration of a solution prevents 
growth. Lohnis (22) disproved this by cultivating P. on bean agar 

with 60 per cent of sugar. Although high osmotic pressure of itself may 
have no inhibiting effect, it may be true that certain substances become toxic 
if present above a certain concentration. The fact that in some cases devel- 
opment occurred in only a very small number of tubes may point in this 
direction, as also may the slight growth on some media. However, in those 
cases where good growth started after one or two months the explanation 
is rather difiicult. 

In connection with the study of the resistance of the potato to blight, it 
is important to know what factor really inhibits growth. 

The number of plants which can serve as nutriment is large, as can be 
seen from table 1, and they do not belong to closely related families. The 
plants used were, on the whole, only those which happened to be at hand 
in both conditions, brown and dead, and fresh and green, respectively. 

The experiment shows that a saprophytic life of P. infestans is quite 
possible in the field, independent of the potato plant. In all types of soil 
some of the plant remains mentioned will be found in all stages of decay, 
especially the straw of cereals and grasses. The quantity of suitable organic 
constituents may vary according to the type of soil and treatment of the 
field, but some of them will be present in all soils. 

In admitting the possibility of the fungus living in the soil, no differ- 
ence is assumed in the behavior of the fungus towards soil in a sterilized 
state and under natural eonditions. Competition with other organisms 
might cheek growth in unsterilized soil, but whether P. inf estam would 
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lose or win in this struggle for existence is unknown. In the author ^s ex- 
periments the fungus was found on the whole to possess strong vitality. 

Murphy and McKay (25) object to the idea of the fungus being able to 
live in the soil for long periods. Murphy (24) had carried on experiments 
with unsterilized soil, and came to the conclusion that soil contaminated with 
conidia of P. infestans retains its power of infection for forty-four days. 
According to him, it is the formation of germ tubes and secondary conidia 
which prolongs the vitality of the spores. He does not accept the idea of 
a growth of the fungus through feeding on the soil contents. His results, 
however, can be explained as easily by a saprophytic life of the fungus in 
the soil as by the prolongation of its existence by the formation of secondary 
conidia. It may have been due to unfavorable conditions that, in Murphy ’s 
experiments, growth stopped after forty-four days. Finely sifted potting 



a b 

Fig. 2. a. Culture of Phytoplithora infestans on fresh and dead Eqimetum, ^ fortnight 
after inoculation. 

b. Culture of Phytophthora infestans on fresh and dead stems of Chrysanthemwm 
a fortnight after inoculation. 


loam and silver sand were used. Both probably contained little organic 
matter, and therefore but little nourishment. In the present author ’s opin- 
ion the results of Murphy’s experiments are not in contradiction with the 
idea of a saprophytic life of P. im/esfaws in the soil. 
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THE OCCURRENCE OP OOSPORES AND RESTING FORMS 

The oospores of P. infestans are known only from pure cultures. They 
were obseryed on oat-juiee agar, Clinton (11), ground Quaker oats agar, 
Pethybridge and Murphy (26), cornmeal agar and oat-extract agar, de 
Bruyn (8). Abnormal structures called resting spores were described by 
Jones, Giddings, and Lutman (13) and by Lohnis (22). 

The presence of oospores on the new media used in the present experi- 
ments was often very difficult to demonstrate, chiefly when they occurred 
only in small numbers. The portion of plants used, especially the dead 
parts, contained all kinds of fungous spores before sterilization, thus mak- 
ing errors very easy. The same held true for the various types of soil. On 
bog soil (8), however, one oospore developed parthenogenetically and was 
discovered still attached to the mycelium. (See Fig. 3a.) 

Definite oospores with antheridia attached were found in great abun- 
dance on the three kinds of cereal straw and on fresh rye haulms. Fig. 3b 
is an illustration of a young oogonium with an antheridium, from a culture 
on wheat straw, and shows distinctly that the antheridium is of the amphi- 
gynous type. Fig. 3c represents an older stage from a culture on rye straw, 
the oospore being already formed. The antheridium is also visible. 

A tendency to form oogonia was observed on the medium consisting of 
dead Equisehm hmlms. In only a few of these oogonia did a thick inner 
wall develop. Oospores were thus formed parthenogenetically. Very few 
antheridia w^ere discovered. The bulk of the oogonia did not develop 
any further. They may be described as dark yellow, round bodies at the 
ends of hyphae. Their resemblance to true oogonia leads one to regard 
them as such. The oospore-like bodies mentioned by Rosenbaum (28) as 
occurring on oat-agar were probably similar. While these oogonia did not 
develop further, owing to the absence of antheridia, they were abundant in 
cultures on dead Eqimetum haulms, and were observed in much smaller 
numbers on many other media. On dead Pteridmm aquilinum they were 
easily found, but a thorough search had to be made on dead and on fresh 
potato stalks, on dry and on fresh bean stems, on dry Chrysanthemum leu- 
eanthemum, and on some other media, since only one, two or three were 
present. It is therefore of no importance to mention all the media on 
which the oogonia occurred so sparingly, since they may easily have been 
overlooked in other eases. 

The media on which many true oospores were found (viz. the cereals), 
as well as those on which the fungus showed a tendency to form oogonia 
{Equisetum md. Pteridium aquilmum), are all media composed of plants 
with a high percentage of silica. Clinton (11), after finding oospores on 
oat-juiee agar, states that chemical analyses of oats show that they have 
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higher percentages of ash, fat, and lecithin than the other cereals. It seems 
that the higher per cent of ash is due largely to silica, and Clinton con- 
cludes: “So these constituents of the ash are apparently not the favorable 
factors.” The above mentioned results, however, make it appear very 
likely that the percentage of silica present in the medium does influence the 



Fig. 3. a. Partlienogenetic oospore from a culture on bog soil x 260. 

b. Oogonium and antheridium from a culture on wheat straw x 900. 

c. Oospore from a culture on rye straw x 700. 

formation of oogonia in P. infestans, and probably also affects the produc- 
tion of antheridia and thus the formation of oospores. The quantity of 
silica, even in plants of the same kind grown under different conditions, will 
not be uniform. This may afford an explanation of the contradictory re- 
sults often obtained by various investigators in connection with the forma- 
tion of oospores on special media. Neither must it be forgotten that all 
cultures are grown in glass tubes. 
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In addition to oogonia and true oospores, all kinds of abnormalities are 
very frequent on the media mentioned and on others. The different types 
of resting spores described and figured in detail by Jones, Giddings, and 
Lntman (13) were often found. These resting spores are of very different 
forms : sometimes they are very difficult to distinguish from oogonia, while 
in other cases all stages are present, from round, yellow bodies to only 
slightly swollen or thickened mycelium. The swelling of the mycelium may 
be intercalary, and in this case the resemblance to a germinated spore is 
striking. One may as well call this a germinated oogonium as merely a swell- 
ing of the mycelium, and it would also be quite justifiable in such a case to 
speak of a chlamydospore and not of an oogonium. The thickened my- 
celium may also be strongly branched. Even eonidia may have a thickened 
wall, often, though not always, of a yellow color. Many degrees of develop- 
ment of all these abnormalities exist. One might call them abnormal or not 
fully developed oogonia, eonidia, or mycelium. In many cases the relation 
to the specific part of the fungus is clear ; but, as has been said, in a great 
number also it is doubtful. It seems best to give them all one collective 
name, and for this the term resting forms’^ is proposed, since this includes 
the abnormal mycelium as well as the spores. The function of these resting 
forms will always be the same, the thick wall and the presumed change in 
the constitution of the protoplasm suggesting adaptation to unfavorable 
circumstances. 

If this name is accepted, the different organs which P. infestans may 
possess are the following: mycelium; eonidia; oospores with a thick wall 
still surrounded by the oogonial wall, being developed either parthenogeneti- 
cally in the absence of antheridia or sexually when antheridia are present ; 
oogonia with a more or less thick wall ; and resting forms, this term to in- 
clude all those forms which differ from the others and which are character- 
ized by the presence of a thick wall. 

These resting forms are found in greater abundance on some media than 
on others; on certain media also some special form may occur more gen- 
erally. Next to food, their presence will be dependent on external circum- 
stances and will therefore not always be quite constant. However, there 
is no need to mention the media and the form on which the fungus occurs 
on them in more detail. 

Since the formation of resting forms is a normal reaction of the fungus 
to unfavorable conditions, such as unsuitable food or drought, they prob- 
ably will occur under the same circumstances in nature. It also is very 
likely that oospores are produced under natural conditions, although the 
problem of their occurrence in nature has not yet been solved. There is a 
better chance of finding them on old grass and cereal stubble than on old 
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potato plants. If oospores are found it remains to be proved that they are 
really those of F. infestans. Not until methods of causing the oospores to 
germinate have been discovered will it be worth while to make a thorough 
investigation. 

THE BEHAVIOR OF PHYTOPHTHORA INPESTANS IN RELATION TO LOW 

TEMPERATURES 

In 1922 the author (7) published results of experiments concerning the 
resistance of P. infestans to low temperature. Pure cultures of the fungus 
were exposed to normal winter weather conditions. In 1920-21 the fungus 
endured a temperature of - 9° C., but during the winter of 1921-22 a tem- 
perature of - 12° C. was reached and all the cultures died. The following 
experiments show that the fungus can withstand a temperature much lower 
than -12° C. ; and this suggests that the failure in 1921-22 must have been 
due to mistakes in technique. In the first place, the number of tubes used 
was too small, because the fungus survives in only a small percentage of 
cases. Secondly, the cultures were put out-of-doors too soon after trans- 
ferring, since the fungus probably requires some little time for proper devel- 
opment before it can resist abnormal conditions. 

In the following experiments a refrigerator was used; thus it was pos- 
sible to regulate the temperature and the time during which the fungus was 
exposed to it. The lowest temperature which could be used was about - 25° 
0. Since nothing is known about the possible existence of physiological 
strains of P. infestans, the same strain — isolated in September, 1920, from 
diseased potato plants — was used throughout the experiments to prevent 
complications in the results. 

In the first experiment the influence of the time of exposure, as well as 
of the treatment of the fungus after freezing, was studied. The whole 
experiment lasted for ten days, and every two days a certain number of 
tubes were removed from the refrigerator. Some of the cultures were put 
at once into an incubator at about 18° C., thus undergoing a sudden change 
of temperature of about 35° C. The rest were placed for twenty-four hours 
in a cool cellar at a temperature of -2° C., next for twenty-four hours in 
an incubator at + 2° C., then for about ten days in a cellar at a temperature 
of 6° C., and finally they were transferred to new media and kept in an 
incubator at about 18° C. The fungus in the first lot of tubes had been 
transferred after thawing of the medium. The original cultures used in 
the experiment were also kept in the incubator. It was perceived that in 
some cases growth started after some weeks in the old tubes, while no devel- 
opment could be observed on the new media. New transfers were made 
with satisfactory results. In the later experiments, therefore, the cultures 
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were always kept for a month at the optimum temperature before transfers 
to new media were made. The fungus was thus able to renew growth and 
refill the tube. In the first experiment the temperature in the refrigerator 
was not very constant, varying from - 9° C. to — 17° C. On each of the 
first three days, however, -17° 0. was reached. All the cultures were at 
least one and one-half months old, and the majority still older, before they 
were subjected to freezing. The results are given in table 2. 


TABLE 2 . — The effect of Iceeping cultures of Phytophthora infestans for different lengths 
of time in different types of soil at a temperature of -9° C. to -17^ C., 
and then thawing them gradually or suddenly 







Kind of soil 






Cooling 
period 
in days 

Bog soil 

Sand 

Leaf mold 

Clay 

Manure 

^-5 

Cliange of temperature and number of cultures which survived 

o 

E. 

Sud- 

den 

Grad- 

ual 

Sud- 

den 

Grad- 

ual 

1 Sud- 
den 

Grad- 

ual 

Sud- 

den 

Grad- 

ual 

OQ 

A pu 

Grad- 

ual 



0 

2a 

1 

0 

0 

0 

0 

0 

0 

0 

0 

3 


2 

2 

1 

2 

T 

2 

0 


0 

0 

11 

A 

2 

2 

0 

0 

0 

1 

0 

0 

0 

0 

5 


2 

2 

1 

2 

T 

~2 

0 

f 

0 

0 

11 

6 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

2 

2 

2 

1 

2 

1 

2 

0 

1 

0 

“o" 

t 11 


1 

0 

0 

0 

1 

0 

0 

0 

0 

1 

' 3 

2 

2 

1 


1 

2 

'0 

0 

T" 

1 

1 11 

10 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

2 

4 

1 

4 

1 

1 

0 

T 

0 

0 

14 

Totals 

6 

10 

3 

12' 

. 5 

1 1 

0 

12' 

3 ’ 
5' 

9 


0 

4 


1 

1 



a Numerator = number of cultures which survived; denominator = total number of 
cultures. 


The fungus can endure a temperature of ~ 17° C. The length of time 
during which it is exposed to this temperature is of no great influence since 
about the same percentage of survival was obtained with two, four, six, or 
eight days exposure. Only after ten days cooling was there a reduction in 
the number of cultures in which the fungus remained alive. The difference, 
however, is so slight that not much stress can be laid on this fact. Growth 
is somewhat better after a sudden change of temperature than after a 
gradual change. Eiehter (27) found, in his experiments Asf)efgillus 
nigevj that the survival of the fungus after freezing depended on the eondi- 
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tions prevailing: after thawing. At optiranm temperature immediately 
after cooling, the fungus started to respire again and to form new myce- 
lium; at a less favorable temperature, Aspergillus did not revive. P. infes- 
tans did not show this sharp difference, although, w^hen placed at the opti- 
mum temperature immediately after cooling, it grew somewhat better than 
when brought to the optimum temperature gradually. 

On the whole, the proportion of cultures that survived the low tempera- 
tures was rather small. A great difference was found in the behavior of 
the fungus W’^hen grovm on various media. This points to the probability 
that not the mycelium, as in Aspergillus niger, but some special form of the 
fungus may be responsible for its survival, this special form being produced 
more readily on one medium than on another. This supposition would also 
explain the rather long time required in some eases for the renewal of 
growth, and also the irregular and low percentage of survival. Even cul- 
tures on the same medium are unequally resistant to cold, a point which is 
further demonstrated by the next experiment, in which the influence of 
different temperatures was studied. 


TABLE 3. — JBffect of 'kee'ping cultures of Fhytofhtliora infestans at different loW‘ 

temperatures for five days 


Medium 

Temperature and number of cultures which survived 

-12° to -15° C. 

-17° to -20° 0. 

-21° to -25° C. 


Oa 

0 

0 

Clay 

10 

10 ' 

10 


0 

0 

0 

Sand 

10 

10 

10 


2 

0 

2’ 

Bog soil 

iF 

lo" 

IF 

Leaf mold 

1 

1 0 

0 


5 

5 

5 

Manure 

5 

7 

8 


10 

10 

IF 

Maize kernels 

0 

0 

0 


10 

10 

10 

Rye straw 

1 

0 

0 


5 

5 

5 


9 

7 

10 

Total 






w 

IF 


a Numerator = number of cultures which survived; denominator = total number of 


cultures. 
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In this case the temperature was kept as constant as possible at three 
different levels, viz., -12° to -15°, -17° to -20°, and -21° to -25° C. 
Each time the same number of cultures on each medium was used, and they 
were treated in the same way. The time of exposure to the special tempera- 
ture was five days. After cooling, the cultures were put at once into the 
incubator at 18° C., where they were kept for one month to give the fungus 
opportunity for new development. Transfers were then made to new 
media. Table 3 gives the results of this experiment. 

Not much difference in percentage of survival wms obtained at the dif- 
ferent low temperatures employed; approximately the same number of cul- 
tures resisted - 15° C. as - 25° C. The great influence of the medium used 
was again demonstrated. The fungus endures the cold best when grown on 
manure, next on bogsoil, then on leaf mold. The same result was obtained 
in the first experiment. It may be added that in another case a culture on 
clay also resisted - 20° C. 

Conflicting statements are found in the literature as to the influence of 
the use of manure on the development of potato blight in the fleld. In 
view of the good growth of P. infestans on this medium and the strong 
resistance of the fungus to cold when grown on it, it may be worth while to 
pay more attention to* this point in the future, especially with regard to 
the influence of manure on the first appearance of blight in the season. 

It might be thought that the difference in the resistance of the fungus 
to cold on the different media was due to a difference of concentration in 
the decoctions. A correlation between the resistance of fungus mycelium 
to low temperature and the concentration of the nutrient solution in which 
they are cultivated was demonstrated by Bartetzko (1), who experimented 
with four different fungi. In all cases, however, he found a gradual dimi- 
nution of the percentage of survival corresponding with the lowering of the 
temperature. The critical temperatures, and the rate at which the per- 
centages decreased, varied with the different concentrations of the solution. 
He also observed a gradual decrease in percentage of survival in relation 
to the time of exposure. No such gradual changes were observed in the 
freezing experiments with P. infestans. The relative proportion of cultures 
that grew after exposure to the three temperatures used, differed only 
slightly ; indeed the lowest gave the highest number of survivals. Neither 
did the time of exposure exert any observable influence. In Bartetzko ’s in- 
vestigations it was the mycelium that resisted the cold in more or less degree 
according to the concentration of the solution. As has been stated previously, 
it is probable that the normal mycelium and conidia of P. infestans are 
killed at low temperatures and that it is in some other form that the fungus 
withstands them. This would explain the behavior of the fungus in the 
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freezing experiments. It makes no difference in the behavior of these 
highly resistant organs whether the temperature is - 15° 0. or - 25° C. nor 
whether the exposure to them is long or short. 

The oospores are naturally first thought of as being the organs which 
enable the fungus to remain alive. Manure co^ntaining many pieces of 
straw may hold oospores in abundance. Soils may also contain them in 
varying number, depending on the presence of silica-containing plant re- 
mains. The strange fact remains, however, that the percentage of cul- 
tures on rye straw which survived was very small. To obtain further data 
on this point another experiment was undertaken. This time sixty cultures 
on different kinds of straw were placed in the refrigerator. 


TABLE 4 . — The effect of Tceeping cultures of Phytophthora infestans dry or moist at 
a temperature of -^0° C. to 0. for five days 



1 Condition of cultures and number which survived 

Medium 

Dry 

Moist 


8a 

0 

Eye straw 

10” 

10 


5 

0 

Wheat straw 

10 

To 

Oat straw 

4 

0 


10 

10 


17 

0 

Total 


_ 


30“ 



aNiimerator = number of cultures which survived; denominator = total number of 
cultures. 


At the same time a new factor was introduced, namely, the influence of 
moisture and drought. After good development of the fungus, the water 
was poured out of half the number of tubes. These tubes were kept in a 
closed vessel containing quick lime, and the lime was renewed from time 
to time. After one and one-half months all the cultures were subjected to 
freezing, although those kept in the vessel containing lime were not yet 
I? absolutely dry. The cultures were kept in the refrigerator for five days 

at a temperature of -20° to -25° C. After exposure, the dried tubes were 
filled with sterile water, and then all were placed in the incubator. After 
a month, transfers were made to- new media. The results are shown in 
table 4. 

Very striking is the fact that none of the moist cultures remained alive, 
while 57 per cent of the dry ones withstood the cold. It is evident that 
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P, infestans endures low temperatures much better in a dry than in a moist 
condition. It is a known fact that dry organs are more resistant than moist 
ones, but it is very remarkable that a fungus like P. infest ms ^ which is so 
dependent on the presence of water for its best development, can endure 
drought so well. Probably the parts of the fungus which withstand the 
cold are the same as those which resist drying out. Whether these organs 
are really only the oospores, is, however, not revealed by the experiment. 


TABLE 5. — The effect of exposmg PJvytophthm'a mfestans at different stages of devel- 
opment, and growing on different media, to a temperature of - 20"^ C. 
to -26° C., for five days 


Medium^ 

Eorm of Phytophthora mfestans- found on 
the medium in addition to the normal 
mycelium and conidia 

No. of cultures 
which survived 

Potato stem; dead 

Very few oogonia, resting forms 

lb 

2 

Potato stem; fresh 

Very few oogonia, resting forms 

1 

2 

Eguisetum; dead 

A few oospores; many oogonia, resting 
forms 

0 

, 2 

Bean stem; dead 

jVery few oogonia, resting forms 

1 

2 

Horse bean stem; dead 

i 

Resting forms, chiefly many yellow conidia 
in clusters 

1 

■ 2 

Horse bean pod; dead 

;None 

0 

2 ■ 

Horse bean pod; fresh 

None 

0 

2 

Rhubarb flower stalk; dead 

Resting forms 

0 

2 

Chrys. leucanthemum; dead 

iVery few oogonia, resting forms 

1 

1 

Beet flower stalk; dead 

Very few oogonia, resting forms 

0 

1 

Carrot root 

Very few resting forms 

0 

1 

Mixture of dead plants 

Not examined 

0 

1 

Pteridkm aqu/Hmum; dead 

One oospore, moderate number of oogonia, 
resting forms 

1 

■4 


» All media were desiccated except Ptmdwm aguilinum. 

b Numerator =: number of cultures wMeh. survived; denominator = total number of 
cultures. 
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The fact that none of the moist cultures remained alive was contrary to 
what was expected, since oospores must have been present in the thirty cul- 
tures on straw in considerable numbers. The next experiment gave similar 
results. 

Cultures on different plant media were subjected to a lO'W temperature. 
They were all desiccated over quick lime, this time for a period of three 
months. Consequently the media were absolutely dry before cooling. 
Pteridium only, was added afterwards, and thus was frozen in 

moist condition. The time of exposure was again five days, the tempera- 
ture varied from - 20° C. to - 26° C., the lowest used in the experiments. 
The tubes were treated subsequently as in the preceding experiments. Re- 
sults are given in table 5, 

In table 5 is added the form of the fungus found in old but rather moist 
cultures on each specific medium, proving that no special correlation exists 
between the occurrence of oospores and the survival of the fungus. On the 
media on which a single oogonium or sometimes not even this was formed, 
the fungus endured the cold; while on Equisetum, the only medium in 
which distinct oospores develop, both the cultures died. Although it can- 
not be denied that the presence of oospores may have some influence on the 
resistance of the fungus to low temperatures, yet some other part of the 
fungus may be highly resistant as well. The resting forms must be con- 
sidered. With their thick walls, they are equally as well suited as the 
oospores to protect the fungus from cold, and the constitution of their pro- 
toplasm may have changed to such an extent, as to enable it to better with- 
stand the result of freezing. The gradual drying out of the medium may 
have favored the development of the resting forms. This experiment 
proved again the great resistance of P. infestans to drought. 

It is difficult, to decide which of the two forms, the oospores or resting 
forms, is the more important with regard to resistance to unfavorable con- 
ditions, or whether both really fulfill the same function. For the present, 
it is perhaps best to accept the latter supposition. 

The results of all the freezing experiments show that the normal my- 
celium and conidia of P. infestans are not able to resist cold, and, there- 
fore, that special organs are required. These may as well be the oospores 
as the resting forms. In a dry condition they can withstand low tempera- 
tures far better than when moist. These forms can endure a tempera- 
ture as low as -26° G. 

Although special conditions are required for resistance of the fungus to 
cold, it is not impossible that such conditions occur in nature. On suitable 
plant remains, oospores may be produced. In autumn weather the un- 
favorable conditions may exist which stimulate the formation of resting 
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forms. The great resistance shown in the desiccated condition suggests 
that a dry period preceding frost may keep the fungus alive better than 
sudden cold after damp weather. 

SUMMARY 

1. Prom the experiments described in the foregoing pages, it is evident 
that P. infestans can live saprophytically. It grows best on old, partially 
decayed plants. In nearly aU soils, therefore, organic parts will be present 
on which the fungus can feed. In addition to the presence of suitable food^ 
temperature and moisture must be taken into account. Moisture is neces- 
sary for the good development of the fungus. It is an important factor in 
producing the best development and also in renewing growth in the spring. 
In consequence, it is important in connection with the first foliage infection. 
The fungus can, however, withstand drought as well as cold. The oospores 
and the resting forms are the resistant organs ; both are probably produced 
in nature. They are able to endure a temperature of -20'° C. to -26° C. 
for five days, and more easily in a dry than in a moist condition. 

2. Theoretically, there is no objection whatever to the hibernation of 
P. infestans in the field. It can remain alive outside the potato plant, and 
endure cold and drought. Its growth is on the whole rather slow, and 
abundant only in the presence of moisture. However, the fungus is not 
easily killed. If P. infestans finds the right conditions for overwintering 
on only one thousandth part of a field, this will be enough to produce a 
blight epidemic in the following year. Under favorable circumstances in 
the spring, the fungus will renew its growth. 

3. If the tuber is the only source from which infection arises, as DeBary 
held, a careful inspection of seed potatoes may prevent an epidemic of 
potato blight, especially in a year following a dry summer. The occur- 
rence of overwintering in the field, however, takes away much of the value 
of this method of controlling the disease, and provides no other in its place, 
for with present methods it is impossible to kill the fungus in the soil. 

Instituut voor Phytopathologie, 

Laboratory for Mycology and Potato Research, 

Wageningen, Holland. 
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MOSAIC DISEASES ON DIFFERENTIAL HOSTS 


JamesJohnson 
With Plates X to XIV 

In connection with studies on the nature of the causal agency of virus 
diseases of plants, it became of some interest and importance to know more 
regarding the specificity of the viruses. In the case of the virus diseases 
of the potato, it seems evident that a number of quite different viruses are 
concerned. In the cases of mosaics of other plants, however, there has been 
a tendency in recent researches either to reduce the number on the basis of 
results from cross-inoculation studies or to give this phase of the problem 
minor consideration. In the absence of a more satisfactory method, the 
classification of viruses must be based largely upon the susceptibility of 
different hosts, the type of symptom produced on these hosts together with 
the behavior of the viruses tow’^ard various other conditions or circum- 
stances which are applicable as tests. The differentiations must naturally 
be made under such environment, both with respect to external conditions 
and the condition of the host itself, and in such numbers that infection 
may be expected to occur. In some respects these requirements are so ex- 
acting as to render their usefulness in classification questionable, especially 
when employed by different individuals under different working conditions. 
On the other hand, they are not to be considered more unreliable in this 
respect than are the methods in use for the differentiation of many bacteria 
and fungi. • 

The results presented in this paper deal only with certain mosaics of 
which tobacco is one of the hosts. In another paper it has already been 
shown that tobacco and other plants are subject to two, and possibly three, 
different viruses secured from apparently healthy potatoes. These will 
not, therefore, be treated in this paper, which will be confined to experi- 
ments with the well known ordinary tobacco mosaic and four additional 
ones hitherto undescribed on tobacco. 

SOURCES OF VIRUSES USED 

The sources of the viruses with which this paper is concerned are as 
follows: 

1 Cooperative investigations of tlie Wisconsin Agricultural Experiment Station and 
the Office of Tobacco Investigations, Bureau of Plant Industry, United States Depart- 
ment of Agriculture. 
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A. Ordinary tobacco mosaic: Originally from tobacco fields on Station 
grounds at Madison. This form occurs commonly in tobacco fields and 
there can be little question about its type. 

B. CucTimber mosaic: From a mosaic cucumber plant furnished by 
Dr. S. P. Doolittle, Madison (5). 

C. Petunia mosaic : Prom Petunia violacea (double flowered variety 
propagated by cuttings) grown in Horticultural greenhouses at Madison. 

D. Speckled tobacco mosaic : Prom a tobacco leaf with leaf-spot symp- 
toms sent by Mr. L. R. Tehon of the Illinois State Natural History Survey, 
Urbana, 111. 

E. Mild tobacco mosaic: From tobacco plants sent by Dr. B. W. Tisdale 
from Quincy, Florida. These plants were said to be affected with leaf- 
spots of unknown origin. 

The ordinary tobacco mosaic has been used in these experiments primar- 
ily for comparative purposes. In this connection, however, some interesting 
points in its behavior have been observed. The designation of the other 
types of mosaic on tobacco is regarded as tentative and unsatisfactory. The 
problem of a system of nomenclature for viruses is a difficult one. We are 
inclined to believe that designation by letters may eventually be as satis- 
factory as and less confusing than any name based on host relationship or 
symptoms. The terminology used by geneticists and by workers with vita- 
mins to designate invisible but definite entities might profitably be fol- 
lowed with virus diseases in plants. 

The reader should be reminded, therefore, that two different mosaic 
diseases of the cucumber have already been reported (7) and that to- 
bacco mosaic has been reported as occurring on petunia (2). The term 
speckled’’ tobacco mosaic is only partly descrij^tive of the disease, but a 
more serious objection to the use of a descriptive name for this disease on 
tobacco is that the symptoms on tobacco are often almost identical with 
those of petunia mosaic, although differing markedly on other hosts. 

The term ''mild” tobacco mosaic is fairly descriptive since the type of 
symptom which occurs on young tobacco plants in the greenhouse is dis- 
tinctly mild as compared with the other types described in this paper, 
although it may be confused at times with petunia mosaic. 

EXPERIMENTAL RESULTS 

It is not deemed necessary to describe in detail the methods used in 
the experimental work. It is believed that the necessary precautions have 
been observed. It should be stated, however, that we have relied almost 
entirely upon needle punctures for inoculations. The plants have been 
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grown in fertile soil in a warm greenhouse (27-32° C.) and for the most 
part inoculated when very young and in a vigorously growing state. 

For the purposes of this paper, the results are adequately summarized 
in table 1. In some cases it is recognized that the number of inoculations 
performed is particularly low as far as negative evidence is concerned. It 
should be stated, ho’wever, that comparative inoculations on which final con- 
clusions are drawn were made simultaneously, thereby reducing the pos- 
sibility of error. In most cases where the symptoms on a host were of a 
questionable type, comparative inoculations were made from such plants 
to other differential hosts, so that, in cases w^here only one positive infection 
was secured, its type wms verified by evidence that accidental infection with 
other mosaics had not occurred. 

In addition to the results presented in table 1 on differential hosts, con- 
siderable evidence of other sorts has been obtained to verify these results. 
This evidence relates particularly to the length of the incubation period, 
the ‘'infective powder of the virus (as indicated by percentages of infec- 
tion secured), and the longevity of the virus in a liquid and in a desiccated 
condition outside of the living host. 

The incubation period on tobacco is, for instance, shortest for ordinary 
tobacco mosaic, somewdiat longer for petunia mosaic and speckled tobacco 
mosaic, and longest for cucumber mosaic and mild tobacco mosaic. The 
percentage of infection secured with ordinary tobacco mosaic and speckled 
tobacco mosaic is on the average much higher than that secured with cucum- 
ber mosaic, the others being intermediate in this respect. Ordinary tobacco 
mosaic virus will retain its infectiousness for years in tobacco extract or 
in dried leaves, whereas cucumber mosaic is limited usually to less than 
tw^o days in liquid tobacco extract and to two or three weeks in slowly 
drying leaves. Petunia mosaic is similar to cucumber mosaic in this re- 
spect, whereas speckled tobacco mosaic is considerably more resistant to 
adverse conditions. 

The symptoms of the five mosaics on tobacco are on the whole quite dis- 
tinct on young plants, except in the case of petunia mosaic and speckled 
tobacco mosaic (Plate X, A), the symptoms of w^hich sometimes appear to be 
identical. This similarity also seems to hold on certain other hosts. As 
the plants grow older the symptoms are often less easily differentiated 
except in the case of mild mosaic, w^hich rarely produces malformation on 
young tobacco, although on certain other hosts, such as Fhysalis, this virus 
is comparatively virulent. ^ 

Apparently the viruses which are the most difficult to differentiate are 
petunia mosaic and speckled tobacco mosaic on the one hand, and petunia 
mosaic and cucumber mosaic on the other. The former two can be dif- 




b 0 = chlorosis ; M mottling ; N =: necrosis ; Mf = malformation ; S — stunt mg. 
c Type verihed by inoculation. 
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ferentiated on N. glutinosa, petunia (Plate XII), pokeweed and probably 
on PJiy sails, as well as by their comparative longevity outside of the host. 
The two latter are best differentiated on N. rustica, tomato, or petunia. 

Other solanaceous hosts have been tried, but on the whole have not been 
used sufficiently to warrant including them in table 1. It should be stated, 
however, that tobacco mosaic was found to produce symptoms on Solanum 
rostratum (new host), while it failed to give mottling on Datura stra- 
monium, although it produced striking lesions on the stems of young plants 
when applied to them with slight wounding. Similar lesions were produced 
on various other plants, including potato and pepper. In the case of young 
plants of N. glutir^osa and N. rustica, this virus is frequently capable of 
killing the plants as a result of stem lesions, even though, peculiarly enough, 
in the case of N. glutinosa, the virus is not apparently present in the foliage. 
Tobacco mosaic produced distinct stunting but little, if any, mottling on 
N, glauca. It affects egg plant only with difficulty, mottling rarely devel- 
oping, although stunting and stem or leaf necrosis may be very striking 
on young plants. 

Cucumber mosaic usually produces larger chlorotic areas on tobacco than 
tobacco mosaic, and these areas are frequently more distinct near the tips 
of the young leaves. The symptoms of cucumber mosaic on N, glutinosa 
are especially striking with respect to mottling and malformation. On 
tomato, cucumber mosaic frequently produces the characteristic foliage mal-- 
formation sometimes referred to as the ^‘maiden-hair fern’’ type (Plate 
X, C) . Ordinary tobacco mosaic has not yet produced this type of symptom 
on tomato in our experiments. As compared with the other species studied, 
petunia and pokeweed appear to be especially susceptible to cucumber mo- 
saic. Speckled tobacco mosaic also is virulent on petunia. In one series of 
inoculations, all of the five plants were killed. Petunia mosaic, on the other 
hand, seemed to be only mildly effective on the petunia plants used. It 
should be stated, however, that the variety used was heterozygous in nature 
and not the same as that from which the mosaic originally came. 

The behavior of the speckled and petunia mosaics on N. glauca is inter- 
esting in that the symptoms of mottling are very faint and sometimes 
accompanied by a scattered purplish tint as compared with the controls. 

The mild mosaic on tobacco is so readily masked that symptoms often 
apparently disappear and reappear intermittently over short periods of 
time, depending apparently on minor environmental variations. On N, 
rustica, however, decided malformation may occur, and young plants of 
N. glutinosa may be killed or stunted without occurrence of mottling. 
While the data on Physalis is limited, the symptoms were so marked that 
there can be little question but that it should be regarded as a good differ- 
ential host for mild mosaic (Plate XI). 
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DISCUSSION 

The results presented are believed to- justify the conclusion that we 
have been dealing in these experiments with five separate viruses. It has 
been shown in another paper also that two and possibly three additional 
ones have been secured from apparently healthy potatoes. There are in 
all probability several more viruses which will eventually be found to attack 
tobacco and other solanaceous plants, since we have not yet made a pre- 
liminary survey of this field of investigation, utilizing only those specimens 
which were conveniently at hand during the wdnter months or which were 
sent to us for determination by other workers.^ It might be argued that a 
virus is not a definite entity but is so- modified by its hosts or other condi- 
tions that cross-inoculation experiments of this sort are of little actual signi- 
ficance. Our experience with these viruses, carrying them through several 
generations of the same and different hosts, is quite contrary to this sug- 
gestion, although it is admitted that this important possibility merits more 
special consideration than we have been able to devote to it. 

It is believed that the results presented here suggest a reasonable ex- 
planation for some of the contradictory results secured by some wmrkers 
with tobacco mosaic. This may best be illustrated by the experience of 
certain investigators with the mosaic disease of N. glutinosa. Allard (3) 
found this species (the N. viscomm of Allard’s paper) immune from to- 
bacco masaic, but reported it to be affected with a mosaic distinct from 
tobacco mosaic. Walker (9) and later Elmer (6) question Allard’s original 
conclusion. Our experiments on this subject indicate that Allard was essen- 
tially correct in his interpretation. Tobacco mosaic apparently is not 
capable of acting as a systemic invader of N. glutinosa^ although it may 
cause very marked necrosis of young stems; the virus is apparently not 
present in the leaves (Plate XIII, A). Many other plants are affected by 
ordinary tobacco mosaic in a similar manner, but such lesions cannot be 
said to represent true susceptibility to mosaic. 

It has been shown in this paper that cucumber mosaic and petunia 
mosaic produce typical symptoms of mosaic mottling and malformation on 
A. glutinosa (Plate XIII, B), and it is not unlikely that one of these — most 
likely the former— is Allard’s mosaic on N. glutinosa, as well as the one 
used by Walker and by Elmer. We have, in fact, considerable evidence 
in that direction, which is not deemed sufficiently important to* be presented 
in detail here. 

The necrotic lesions produced on stems of various plants by tobacco 
mosaic is especially interesting and merits special study. This occurs ap- 

2 Since this paper was written, at least three additional ■viruses have been found to 
occur on tobacco. ' 
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parently on species whicli are true hosts as well as on others which are not 
true hosts. These lesions have been observed principally upon potato, 
Datura^ pepper, N. glutinosa and rustica, 

N, glauca has been regarded as a typical '' carrier of tobacco mosaic, 

i.e,, carrying the virus without itself showing symptoms. N, glauca, how- 
ever, may become very markedly stunted by tobacco mosaic, while all other 
symptoms usually are lacking (Plate XIV) . N, glauca is also susceptible to 
cucumber mosaic, which produces distinct mottling and malformation, as 
well as to other virus diseases producing more marked leaf symptoms than 
does tobacco mosaic. Our experience with this and other species indicates 
that our understanding of true virus ''carriers’’ (1, 8), as distinct from 
masking and other conditions, is so limited and uncertain as not to war- 
rant the use of the term "carriers” in a sense distinct from plants with 
masked symptoms. 

The recent work of Elmer (6) in particular tends towards the conclu- 
sion that little specificity is showm by mosaics from a wide range of hosts. 
As far as known, however, it has not yet been definitely shown that ordinary 
tobacco mosaic has been transmitted to hosts outside of the solanaceous 
family. On the other hand, cucumber mosaic is apparently capable of 
infecting plants in widely different families. The results presented in this 
paper show that tobacco, like the potato, may be host to a number of 
different virus diseases. These observations merit careful consideration in 
any theory developed as to* the nature of the causal agency, of virus diseases 
in plants. 


SUMMARY 

1. Tobacco, tomato and other solanaceous plants, aside from the potato, 
have been generally believed to be affected with only one mosaic disease, 
namely, tobacco* mosaic. This paper presents evidence that at least 5 dis- 
tinct mosaics may occur on various, species of this family in addition to 
other virus diseases not described in this paper. 

2. The four additional mosaics are: cucumber mosaic, petunia mosaic, 
"speckled” tobacco mosaic and "mild” tobacco mosaic. 

3. These mosaic diseases are shown to be different from tobacco mosaic 
and from each other primarily through their behavior on differential hosts. 

4. It is believed that these results demonstrate that it is important in 
future researches with mosaic to differentiate and describe more specifically 
the type of mosaic used in experimental work. 

University OF Wisconsin, 

Madison, Wisconsin • 
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EXPLANATION OF PLATES 
Plate X 

A. Speckled tobacco mosaic on tobacco. This type of mottling is somewhat 
characteristic for this mosaic as compared with ordinary tobacco mosaic. 

B. Tobacco mosaic. A common type of mottling. The variation in symptoms is 
so large, however, that speckled^' and ordinary tobacco mosaic cannot always be 
distinguished on tobacco. 

C. Upper and lower leaves from tomato plant infected with cucumber mosaic. 
Note type of malformation in upper leaf and chlorosis and stunting in lower leaf. This 
symptom has been fairly distinctive under the conditions of the experiments described 
in this paper. 

D. Upper and lower leaves of healthy tomato plant for comparison with 0. 

Plate XI 

A. Healthy controls of Physalis and W. glutinosa, 

B. Physalis and N. glutiimsa plants infected with the ^fmild^^ type of tobacco 
mosaic. Marked stunting and chlorosis occurs on Physalis^ but only moderate stunting 
and chlorosis on N. gVwtmosa. 

C. Physalis and N. glutimsa plants infected with petunia mosaic. Note stunting, 
malformation and mottling on both hosts in comparison with controls (A). 

Plate XII 

A comparison of petunia mosaic and speckled’^ mosaic. 

A. N. rmtica inoculated with petunia mosaic. 

B. JV. rustioa inoculated with ^'speckled ^7 mosaic. 

C. Petunia inoculated with petunia mosaic. 

D. Petunia inoculated with speckled mosaic, 

E. N, glutinosa inoculated with petunia mosaic. 

E. iV. inoculated with speckled mosaic. 

Note that while the symptoms are apparently identical on AT. rustioa, they differ 
markedly on the other plants. y 
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Plate XIII 

A. A. glutimsa inoculated with ordinary tobacco mosaic. 

B. A. inoculated with cucumber mosaic. 

C. Control; not inoculated. 

D. N. glutinosa inoculated with ^ ^ ring-spot ' ' virus secured from apparently healthy 
potatoes. 

Ordinary tobacco mosaic frequently kills young A. gluiinosa plants due to necrotic 
action on stemS; yet the virus is apparently not systemic in the leaves. The type of 
virus disease shown in D illustrates the distinctiveness of still other types besides those 
described in this paper. 

Plate XIV 

A. A. gla%ca, uninoculated control. 

B. A. glauca inoculated with ordinary tobacco mosaic showing faint chlorosis of 
leaves but more particularly marked stunting of growth. 
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THE EELATION OF THE SEED-CORN MAGGOT (PHORBIA FUSCI- 
CEPS ZETT.) TO THE SPREAD AND DEVELOPMENT 
OP POTATO BLACKLEG IN MINNESOTA" 

J. G. L E A C H 

INTRODUCTION , 

It has been assumed generally by plant pathologists that the pathogene 
of potato blackleg overwinters in, and is spread only by, infected tubers. 
Morse (22), in 1917, stated that ^^Observations in Maine indicate that under 
the climatic conditions which exist there infected seed potatoes are the sole 
source of infection and distribution. . . The only other possible source 
of infection that has received much attention is the soil. 

Eosenbaum and Eamsey (27) could find no evidence to- indicate that the 
pathogene could survive in the soil, or in diseased tubers in the soil, in 
Aroostook County, Maine, or at Norfolk, Virginia. They placed both 
naturally and artificially infected tubers in the soil in the fall, and planted 
selected and disinfected tubers the following spring, in the rows where the 
diseased tubers had been planted the previous fall. No blackleg developed, 
and they were unable to reisolate the pathogene from the soil. 

Eamsey (25) inoculated one-half-pint jars of soil with 15 cc. of a broth 
culture of the blackleg pathogene and buried them in the soil over winter, 
but he was unable to reisolate the organism by dilution cultures the follow- 
ing spring. He also watered growing potato plants heavily with broth 
cultures of the pathogene. In other eases the soil was inoculated by in- 
corporating decayed tubers, some of w^hich were placed in direct contact 
with the seed piece. Only one plant of the many inoculated developed the 
disease. From these experiments it was concluded that ‘'Unless the seed 
piece is infected at planting time, there is little chance that uninjured 
plants will contract the disease even though the causal organism is washed 
about the stem and root system. 

1 Published with the approval of the Director as paper No. 583, Journal Series of 
the Minnesota Agricultural Experiment Station, St. Paul, Minn. 



150 


Phytopathology 


[VoL. 16 


Pethybridge (24) in Ireland, and Murphy (23) in Canada, held similar 
views. 

On the other hand, von Hegyi (14), working in Polish Galicia and 
Prussian Silesia, found such a close correlation between blackleg and wire 
worm attack that he held biting insects to be a necessary factor for entry 
of the parasite. Little attention has been given by subsequent workers to 
this insect or other insects as possible means of spread of the disease. 

Jennison (16) states that ''The larvae of insects have been found by the 
writer working in and on the affected tissues, but there was no positive 
evidence that they were active agents in the dispersal of the disease.’’ No 
experiments with the insects were mentioned. 

Kotila and Coons (18) showed that in Michigan under certain condi- 
tions the bacteria overwintered in tubers remaining in the soil. They also 
showed that the blackleg pathogene was present in the soil surrounding 
diseased plants, but concluded that "It does not, however, seem capable of 
existing there for any considerable length of time.” 

Murphy (23) states the prevailing attitude of pathologists toward the 
question as follows: 

"Although there seems to be considerable reluctance in finally accepting 
the view that this disease is not, for practical purposes, harbored or spread 
by the soil, failure to bring about infection from this source, and the suc- 
cess of control measures applied to the tubers, leave no other alternative 
open. The skepticism which has prevailed as to the absence of soil infec- 
tion is to be traced to three, or probably four, factors : the failure to account 
for certain widespread outbreaks in plants produced from seed tubers pre- 
sumed to be practically uninfected; the want of any entirely satisfactory 
theory of hibernation in the tubers ; the failure of attacks to develop in 
certain cases from infected seed potatoes under conditions presumed favor- 
able; and the possible confusing of fusarium-wilt with blackleg.” 

Since the summer of 1920 the writer has had occasion to investigate 
numerous outbreaks of blackleg in Minnesota which could not be satisfac- 
torily explained on the basis of our present knowledge. Many of the fields 
investigated had been planted with certified seed from fields known to be 
free from blackleg, and the seed had been properly disinfected and planted 
with the best of care. It was thought at first that the disease might have 
been spread from a few infected tubers in the cutting operations, for 
Morse (21) states that "There is every reason to believe that In cutting 
seed the disease may be spread from diseased to healthy seed pieces by con- 
tact of their freshly cut, moist surfaces and less frequently from the hands 
of the operator or through the medium of the knives used.” However, he 
cites no experiments to support the statement. 
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ATTEMPTS TO PRODUCE THE DISEASE BY SEED PIECE INOCULATION 

In the spring of 1922, experiments were planned to determine the pos- 
sibility of spread of the disease by seed piece contamination during the 
cutting operation. A quantity of tubers were inoculated with a virulent 
culture of the blackleg pathogene 'which previously had been tested by 
inoculating stems of growing plants in the greenhouse. After incubation 
in a moist chamber for several days, the tubers were completely decayed. 
The cut surfaces of sixty freshly cut seed pieces were thoroughly smeared 
with the rotted tubers. These in turn were incubated for twenty-four 
hours in a moist chamber and then planted at University Farm. Much to 
the surprise of the writer, not a single case of blackleg developed. 

The following year this experiment was repeated on a larger scale, using 
a more positive means of inoculation. About four hundred freshly cut 



Fig. 1, A section through a potato tuber three days after inoculation with the blackleg 
pathogene by the method described in the text: typical of tubers used in 
the experiments on seed piece inoculation. 

seed pieces were placed in large crocks, sprayed with a broth culture of 
the pathogene,^ and incubated until the decay had extended to an average 
depth of approximately one-fourth inch. Some of the seed pieces were 
punctured through the skin and decay was also* started at these points. 
Some of the tubers were planted on mineral soil, and some on peat soil, 
where a variation in the water level from one to five feet was maintained. 
Again not a single case of blackleg developed, although a few of the badly 
rotted seed pieces decayed completely before a sprout could be sent out. 

2 In this and all subsequent inoculation experiments, two cultures of the pathogene 
were used. One was isolated and tested by the writer, and the second was received 
from Dr. Erwin F. Smith under the name Bacillus v'hytopht'horus I 1906.^' 

Both cultures were strongly pathogenic to potato stems and tubers. 
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Many of the seed pieces were later dug up and examined, and, in every 
ease, it was found that the decay had been effectively walled off with a 
thick layer of cork cells. These results would indicate strongly that the 
disease was not commonly spread in this way. However, it was thought 
that, since the decay extended from the surface inward and was in direct 
contact with the soil, some detrimental action of the soil might be respon- 
sible for the failure of the pathogene to develop. Accordingly, the experi- 
ment was repeated in 1924, using a different method of inoculation. A hole 
about one inch deep was bored into the tuber with a one-fourth-inch wood 



Fig. 2. A seed piece, which had been inoculated with the blackleg pathogene, dug 
up more than two months after planting in the field. The decayed portion had been 
walled off entirely by a layer of cork. The outline of the decayed cavity and the inocu- 
lation hole are still visible, 

bit. The hole was almost filled with a broth culture of the pathogene and 
then plugged with a tightly fitting plug cut with a cork borer from another 
tuber. After incubation for three days, the decay was found to be develop- 
ing rapidly (Pig. 1). The tubers were planted without disturbing the 
plug. The results were the same as in previous years. Not a single case 
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of blackleg developed, and, on examination, it was seen that the seed piece 
had effectively corked off the decay (Figs. 2 and 3, Plate XV, 1, m, and n) . 

These experiments seem to indicate conclusively that seed piece infection 
at cutting time is not an important factor in the development of the dis- 
ease, providing the seed piece is planted under conditions not inhibitory 
to cork formation. 

THE ASSOCIATION OF THE SEED-COBN MAGGOT WITH BLACKLEG PLANTS 

In the summer of 1923, while seeking further for an explanation of the 
outbreaks of blackleg from seed apparently free from the disease, a large 
number of diseased plants were dug up, seed piece and all, and carefully 
examined. Most of the observations were made fairly late in the season, 
after the disease was well advanced. In many plants a number of small !,^ 

white maggots were found working in the stems. In a few cases the mag- 
gots were found in the old seed pieces, but in most cases only fragments 
of the seed piece were left. It was impossible at this time to tell whether I 

the maggots were of any significance or whether they were merely feeding | 

on the plants which had already started to decay. However, a number of | 

the maggots were collected and reared to maturity. Several different r, 

! 
I 

;■ 


Fig. 3. Seed pieces infested with seed-corn maggots. These seed pieces had been 
planted about thirty days, and the plants were just beginning' to show typical symptoms 
of blackleg. Note the slimy burrows. The maggots are practically full grown and 
almost ready to enter the soil and pupate. 

species were obtained, but most prevalent was the seed-corn maggot {Phor- 
bia fusciceps Zett.).^ Inasmuch as this fly is rceognized as a parasitic in- 
sect on a number of crop plants, it appeared that its presence in potato 
plants affected with blackleg might be more than incidental. 

In the spring of 1924 a very thorough study was made of the relation 
of the insect to the development of blackleg. Unfortunately, on account 

3 These first specimens were kindly identified by Dr. J. R. Eyer, formerly assistant 
in entomology at the University of Minnesota. Later specimens were sent to Dr. J. M. 
Aldrich of the National Museum and to Dr. 0. A. Johannsen of Oornell University, both 
of whom verified the identification. The insect is probably more properly called 
Ilylemyia cilicmra Bond, but, since it is better known in American literature on eco- 
nomic entomology as Phor'bia fusciceps, this name has been used. 
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of other duties, the writer was unable to make any extensive observations 
at the time of planting. On June 26, shortly after the potato plants had 

Tnr I a field laboratory was 

Northwest School of Agriculture at Crookston, Minne- 
^ a. e first infected plants were observed on June 29 in a field of Early 
10 potatoes, in which the healthy plants were about six inches tall. 
^ on one per cent of the plants were beginning to show the eharaeteristie 
■. ^ In the next three days more than a hundred dis- 

Maggots were found in the seed 
four. + ^ plants (Pig. 3). The maggots varied in length from 

found irZ “ 3 " T” ^ P^P^rium was 

,riAn ^ Mher five seed pieces 

«Sle”d T"„°d’ “‘fr’' b"” 

■ . Mtei, when a more careful examination of the sur- 

founi'''^ and a few pupal skins were 

The^nW than 1,000 plants were examined. 

The plants came from about fifty different fields in three counties Each 

PupatiorwJ at f 7?”^ “ proportion to maggots increased. 

inXfltP^ n emerging, as 

indieated by the pupal eases found. 

of f maggots and puparia were collected and put in bottles 

u f ^ ™ laboratory Practically 

dre?fl developed into adult flies. Of more than three hum 

corn maggo“ ''' ''''' 

THB SEED-COEN- MAGGOT 

is eS^^reSS ^tf somewhat inappropriately named, 

Boucheh The adult P, cabbage maggot (Phoriia Irasskae 

fly (Pig 8) The larva^^ r ^ * ^^Mly smaller than the common house 

Ints Tu ■ ^ ^“fcer of crop 

plants. In a brief survey of the literature, reports of iniury on 

beans, peas, turnips, cabbage, radishes, onions beets notatoel ’ 

tard (8), tomatoes (30), and wheat (28) wertfounl 1 ^ 1 ^; T' 

insect IS considered a serious pest of beans (13). Lugger (20) 2^1896^ 

reported a serious outbreak of the insect on beans in Mlnnei^te Durint 

the summer of 1924 member<! nf +La ni-tri^- ^ -r, Minnesota. During 
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Sellards (29) reports the insect very destructive to potatoes in Florida 
in 1905, and describes its attack as follovFs: 

“The decay of the potatoes was found to be more severe on the low wet 
lands. The maggots were present on the higher lands, although in smaller 
numbers. The attack on the potatoes is made from the cut surface. The 
maggots seem to prefer decaying potatoes, but attack perfectly sound ones. 
Starting from the cut surface, tunnels are run in various directions through 
all parts of the potato. In some eases the potatoes were found much de- 
cayed and a mass of maggots, hardly anything of the potato remaining but 
the outer skin. ” 

Syletnyid trichodoctylot Rond, a species almost indistinguishable from 
the seed-corn maggot and which is known as the seed-potato maggot, has 
been reported from potato plants in Aroostook County, Maine (17)’ and 
from turnips in Ontario (12). The writer has not recognized this species 
in Minnesota. 



Fig. 4. Eggs of the seed-eora maggot on, and in the soil near, potato seed pieces. 
Photographed three days after planting. These seed pieces had been planted by machine 
in the usual way, but were incompletely covered. The eggs were mostly on the under 
side of the seed pieces, which were turned over before the eggs were discovered. 

LIFE HISTORY 

Fggs.— Like the cabbage-maggot fly, the adult female of the seed-corn 
maggot deposits eggs on, or in, the soil near freshly planted seeds or young 
sprouting seedlings. The early observations of the writer (19), which 
were made several weeks after planting time in 1924, led him to thirst- that 
the eggs were deposited on potato seed pieces before planting, but further 
observations in 1925 showed quite clearly that the eggs are deposited most 
frequently on, or in, the soil near seed pieces after planting (Fig. 4), and 
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even after the sprouts have appeared above the ground. Evidence of eo'o* 
deposition in the soil before the seeds of beans were planted has been re^ 
ported from New Jersey (13). The eggs are small, slightly less than 1 
mm. in length, but may be seen readily with the naked eye. They are 
slightly curved, white, and distinctly reticulate (Plate XV, b and c). When 
freshly deposited, they are covered with a sticky fluid, which causes them 








V . V 






xo aanere to the soil particles or anything w; 
contact. The writer has frequently observed i 
in the soil near exposed seed pieces. With hei 
aside small clods of earth until her ovinositoT 





1926] 


Leach : Potato Blackleg 


157 


surface, and the eggs then are deposited, usually in direct contact with 
moist soil. 

In 1925 the adult flies were very abundant as early as May 2 in certain 
potato fields in northern Minnesota. Potato planting did not begin in this 
section until about May 10. The first eggs observed were found on May 
13, and the height of the egg-laying period was reached about the 25th and 
26th of May. During this period many eggs were obtained for experi- 
mental purposes by placing freshly cut seed pieces on the surface of the 
soil in potato fields and leaving them exposed for twenty-four hours. On 
May 21 more than 500 eggs were obtained from the soil in immediate con- 
tact with less than 100 seed pieces which had been expo*sed not naore than 
twenty-six hours. In many instances, egg deposition has been observed in 
less than ten minutes after exposing the seed pieces. 



Fig. 6. Three puparia of the seed-corn maggot in the soil, adhering to a decayed seed 
piece from a blackleg-infected plant. These pnparia were close to the seed 
piece, although they are frequently found several inches away. 

The soil in the Red River Valley contains a great deal of colloidal ma- 
terial and is very subject to cracking. Almost any freshly turned soil 
cracks abundantly upon drying, although the soil may remain fiocculent 
and friable. It is not uncommon for rather large cracks to develop along 
the ridge of soil left by the potato planter. These cracks are, frequently 
several inches deep, and are directly over the planted seed pieces (Fig. 5). 
Flies were observed near these cracks, and, on careful examination, eggs 
were found as deep as four inches beneath the surface of the soil. Eggs 
also have been found several inches beneath the surface of the soil in 
cracks made by the sprouting seed piece as it breaks through the ground. 

The eggs hatch in about three days after they are deposited. 
The maggot, when it emerges, is nearly transparent and only slightly longer 
than the egg, but it is able to move about rapidly in search of food. The 
action of freshly-hatched maggots was observed by placing one-half of a 
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sound, freshly-cut tuber and several eggs in contact with the wall of a glass 
jar and filling the jar with moist soil. Most of the eggs hatched wifhin 
twenty-four hours. The young maggots had no difficulty in finding the 
seed piece, although some of the eggs were more than an inch from the 
tuber. For the first twenty-four hours after hatching, the maggots crawled 
over the cut surface of the tuber. At the end of this period a profuse 
growth of bacteria was evident. During the next two days most of the 
maggots disappeared into the interior of the tuber, vffiich was completely 
decayed in less than a week. The remaining half of the same tuber, kept 
under similar conditions but not attacked by maggots, remained healthy. 

The mouth of the maggot is equipped with two black, sharp, claw-shaped 
structures (Plate XV, j),with which it is able to tear apart the tissues of the 



A graph showing the time of emergence of 231 adult seed-corn-maggot flies from 
pupana collected from blackleg-infected plants in 1924. 




seed piece, and which no doubt serve as very effective means 
the seed piece with bacteria. It is obvious that, with maggo 
cork laid down by the tuber would be quickly destroyed an( 
elrective in checking the decay. 

Pwpum.— The maggots enlarge very rapidly, and in i 
^enty-five days reach a maximum length of about 7 or 8 mm. 

en this size is reached, they leave the decayed seed piece 
and pupate (Fig. 6), Puparia frequently are found four 
from the seed piece, although most of them remain within a : 
me es or less. In nature, pupation begins about one month 
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toes are planted, and frequently it is under way when the first symptoms 
of blackleg are evident. In a field planted on the 28th of May, 1924, the 
first blackleg-infected plants were observed on June 29, when the normal 
plants were from six to eight inches high. Puparia also were found at this 
time; and, by July 4, puparia were more abundant than larvae. Many 
plants which manifested the first symptoms of blackleg after this date were 
examined, and almost invariably it was found that pupation already had 
occurred. This early pupation may account for the fact that the insect 
has been so commonly overlooked. 



Hio. 8. Elies of the seed-corn maggot (female, left; male, right) resting on potato 
tubers^ — a very common sight in Minnesota potato fields at planting time. 

The puparia. (Plate XV, h) are from 4 to 5 mm. in length, and vary in 
color from light brown to dark reddish-brown. The duration of this stage 
varies from seven to fourteen days. Fig. 7 shows graphically the period 
of emergence of 231 flies from puparia collected in 1924. 

AduU flies . — The adults, which for some unknown reason emerge from 
the puparia mostly at night, are able to work their way through several 
inches of soil. When freshly emerged, they are lighter in color than nor- 
mal, and their wings are not unfolded. Within a few hours, however, they 
take on their normal gray color and their wings unfold. Adult flies are 
shown in figure 8, and Plate XV, a and d. A detailed description of the 
adults will not be given here, as it can be found readily in entomological 
literature. Mention should be made, however, of the usual means of dis- 
tinguishing them from other closely related species. On the tibia (middle 
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segment) of each hind leg of the male, there is a row of from 21 to 24 
short, sUghtly curved bristles (Plate XV, g). These bristles distinguish the 
seed-corn maggot from all other species of the same genus, except the seed- 
potato maggot. It is often very difficult to distinguish the females from 
those of closely related species. 


/ 


Fig. 9. Secondary infection of blackleg disseminated and inoculated by the seed-corn 
maggot. A young maggot was found working at the base of the cluster of roots indi- 
cated by the arrow. The infection was entirely conhned to the cortex. The pith was not 
affected. The dark spot at the base of the stem is a lesion caused by Elmootoma solmiL 
The negative was much under-exposed. 

Broods . — The number of broods of this insect are not definitely known 
(8). At least two broods have been observed by the writer in Minnesota. 
The second brood eggs are deposited most frequently near the ground line 
of potato- plants affected with blackleg, and the maggots develop in the 
stems of such plants. In only a few cases have the maggots of the first 
brood been observed to pass upward into the stems. A considerable num- 
ber of the second brood eggs are deposited also at the base of the healthy 
potato plants, which later become diseased. Several well marked cases of 
blackleg have been observed which were without doubt due to this type 
of secondary infection (Pig. 9). 

The insects are supposed to hibernate as puparia in the soil. Evidence 
of this was observed in the early spring of 1924, when adult flies were very 
abundant in fields which were known to have been heavily infested the 
previous year, and none could be found in neighboring fields known to 




have been free from blackleg. Observations indicate that the insect usually 
does not hibernate in potato cellars or piles of refuse potatoes. Many 
species of scavenger flies have been observed breeding in piles of refuse 
potatoes, but the seed-corn maggot never has been found developing in 
such places. 


THE EELATION OF THE INSECT TO THE BLACKLEG DISEASE 

Pathogenic bacteria commonly present on eggs 
Although the close association of the seed-corn maggot with potato 
blackleg is highly suggestive, it does not in itself prove that the insect is 
an agent of dissemination of the disease. In order to determine whether 
the insect actually spreads the pathogene, a number of eggs were collected 
and placed upon sterile agar, or on sterile glass near sterile agar. Upon 
hatching, the maggots crawled rapidly about over the agar, leaving minute 
tracks where their mouth parts had penetrated the agar. Within a few 
hours of the passage of the maggot, an examination showed colonies of 
bacteria developing along the tracks (Plate XV, i) . In general, each colony 
coincided with a puncture of the agar by the mouth parts of the maggot. 
Broth cultures made from these colonies, when inoculated into tubers and 
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Fig. 10. Young potato plants decayed as a result of inoculating the stems with a broth 
culture of bacteria obtained from the tracks made by freshly 
hatched maggots on sterile agar. 
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on young potato plants, were pathogenic (Pig. 10).^ After this experiment 
had been repeated several times, with similar results in the majority o<f 
eases, it was evident that the eggs were commonly contaminated with patho- 
genic bacteria. 



Fig. 11. Potato tubers and a carrot slice six days after inoculating with a broth culture 
of bacteria obtained by aseptic dissection of the abdominal contents 
of adult flies caught on May 5, 1925. 

PATHOGENIC BACTERIA PRESENT IN BODY OP ADULT PLIES ^ 

Since the eggs commonly bear pathogenic bacteria, it seemed probable 
that the bacteria would be present also in the body of the insect. There- 
fore a number of flies were caught, chloroformed, and dissected aseptically. 
The contents of the abdomen were carefully removed with sterile needles 
and placed in a tube of broth or on an agar slant. Cultures obtained in 
this way also proved to be pathogenic (Fig. 11). 

Pathogenic bacteria were obtained also from the excrement of flies de- 
posited on the inside of a sterile culture tube. These preliminary experi- 
ments were performed during July, 1924. They were repeated on a larger 
scale during the first week in May, 1925, using flies of the first brood to 
emerge in the spring, and obtained before potato planting had been started. 
The results are given in tables 1 and 2. 

PASSAGE OP BACTERIA THROUGH PUPAL STAGE 

The constant association of pathogenic bacteria with the various stages 
of the insect suggested the possibility of biologic transmission, with the 

4 Further study of these cultures showed that they were nearly always mixed cul- 
tures of at least, three species of bacteria. During the course of the work, a consid- 
erable number of apparently different species, or perhaps strains, of bacteria have been 
isolated from the insect or from plants attacked by the insect. No attempt has yet 
been made definitely to identify them, it being considered sufficient, for the present, 
to determine whether they were pathogenic. 
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TABLE 1 . — MesuUs of aseptically dissecting adult seed-corurmaggot flies, and culturing 

the abdominal contents 


Ely No. 

Sex 

Culture 

No. 

Growth^ 

Pathogenicity to 

1 potato tubersb 

1 

Eemale 

A 

- 




B 

■f 

- 

2 

Eemale 

A 


Not tested 



B i 

+ 

Not tested 

5 

Eemale 

A 


+ 



B 


Not tested 

6 

Eemale 

A 

+ 

4- 

® i 

Eemale 

A 


+ 

9 

1 Eemale 

A 

+ 

+ 



•B 


+ 

10 

Eemale 

A 

4- 

+ 

11 

Eemale 

A 

•f j 

+ 

13 

Eemale 

A 


+ 

3 

Male 

A 

+ 

+ 

7 

Male 

A 

- 


12 

Male 

A 

4- 

- 

15 

Male 

A 

+ 

Not tested 

16 

Male 

A 

- 


17 

Male 

A 

+ 

+ 


a no growth 
+, growth 
b not • pathogenic 
+, pathogenic 


TABLE 2. — Pathogenicity of bacterial cultures from excrement of flies deposited on 

sides of sterile culture tubes 


Ely No. 

Sex 

Growth 

Pathogenicity 

1 

Eemale 

+ 

Not tested 

2 

Female 

•f 


4 

Eemale 

+ 

+ 

6 

Female 

+- 

+• 

7 

Eemale 

+ 


3 

Male 

_ 


5 

Male 

+ 

+ 


bacteria a constant symbiont with the insect. A number of such symbiotic 
relationships between insects and microorganisms have been reported in 
recent years. 

Guyenot (10), in 1907, studied the relationship between Micrococcus 
flavus Uquefaciens (Flugge) and Phormia regina Meigen (a scavenger), 


I 
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and concluded that there was a true symbiotic relationship between the 
two organisms. The bacteria, which were always found with the larvae, 
were shown to be the agents of liquefaction of the food material of the 
larvae, while the larvae aided the development of the bacteria by the action 
of their hook-like mouth parts. 

Baumberger (2) has shown a similar relationship between Drosophila 
and yeast, but in this case the yeast serves as a food for the larvae and no! 
merely as an agent of liquefaction. He thinks, too, that the larvae studied 
by Guyenot may also feed upon the bacteria. He concludes that ^^The 
experiments and considerations all tend to establish the principle that in- 
sects inhabiting fermenting and decaying substrata of low protein content, 
usually feed upon the microorganisms present and thus benefit by the power 
of the fungi to extract, absorb, and synthesize many non-protein nitro- 
genous compounds.” Delacourt and Guyenot (6) and Guyenot (11) also 
obtained results with Drosophila similar to those obtained by Baumberger. 



Pig, 12. Bacteria developing from an adult fly 48 hours after emerging from a 
surface sterile puparium. The fly became wedged between the agar and the side of the 
tube soon after emerging. Bacteria developed only where the fly had touched the agar. 
The agar immediately around the pupal skin remained sterile. 

Baumberger was able to obtain sterile adults of Drosophila by surface 
sterilization of the puparia with fifty per cent alcohol, indicating that the 
yeast did not persist inside of the puparia. He was unable, however, to 
sterilize the pupae of Musca domestica. 

Bacot (1), working with Musca domestica, concludes: 

‘^1. Pupae and imagines of Musca domestica bred from larvae infected 
with B. pyocyaneus under conditions which exclude the chance of re-infec- 
tion in the pupal or imaginal period undoubtedly remain infected with the 
bacillus. 

V‘2. In the imago the infection is maximal at emergence and then 
diminishes suddenly. 

The possibility of a dangerous pathogenic microorganism being 
taken up by the larva and subsequently distributed by the fly is one which 
deserves serious consideration.” 

The same author, in a footnote, announces the isolation of 5. 
from the interior of pupae, the larvae of which had been fed on the organ- 
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ism. Graham-Smith (9) obtained cultures of B. anthracis from 26 of 51 
flies reared from larvae which had fed on meat infected with the organism. 

Buchner (3), and Hertig and Wolbaeh (15), have described several 
cases of symbiosis between insects and microorganisms, in some of which 
the microorganisms always were found associated with the insect in all of 
its stages, including the egg. 

In order to determine whether the bacteria associated with the seed-corn 


maggot could remain alive within the puparium, twelve puparia were sur- 
face sterilized in July, 1924, in the following manner : they were first soaked 
in 5 per cent alcohol for 5 minutes ; then in an aqueous solution of mer- 
curic bichloride (1-1000) for 3 minutes; then rinsed in 50 per cent alcohol 
for about 1 minute, and placed on a plate of soft beef extract agar. After 
48 hours bacterial growth had developed around two of the puparia. After 
72 hours the remaining ten puparia were removed, and each was placed 
in a separate tube of sterile beef-extract broth. After 24 hours the broth 
in every tube was still clear, and remained so until discarded several days 
later. The puparia were then transferred to new tubes of sterile broth, 
these also remained clear for 24 hours. The puparia were then crushed with 
sterile forceps. In every tube the broth became cloudy with bacterial growth 
within 12 hours. Transfer cultures from two of these tubes were tested 
and, although evidently mixed, proved pathogenic to tubers. 

This experiment shows that the bacteria may remain alive within the 
puparia, but does not prove that they remain alive until the adult emerges. 
Therefore, in July, 1925, when another supply of puparia was available, 
this point was tested. Forty puparia were surface disinfected in the fol- 
lowing manner. They were soaked in 50 per cent alcohol for 3 to 5 
minutes, in a mercuric bichloride solution (1-1000) for 3 to 5 minutes, and 
again in 50 per cent alcohol for 3 to 5 minutes. Each puparium was 
then rinsed in a tube of sterile broth for 5 to 10 minutes. They were then 
removed from the broth with a sterile needle and, without rinsing, placed 


TABLE 3. — Besults of experiments to determine the presence of pathogenic 'bacteria 
in adult flies emerging from surface sterilised puparia 


No. of puparia 
disinfected 

No. proved 
surface 
sterile 

No. adults 
emerging 

No. tubes showing 
bacterial growth 24 
hours after emer- 
gence of fly 

No. cultures 
pathogenic 

40 

28 

25a 

25 

9 out of 12 




( 

tested 


a The three remaining pnparia were crushed on sterile agar, and abundant bac- 
terial growth developed from each puparium in twenty-four hours. 
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on agar slants in culture tubes, where they were allowed to remain until 
the adult flies emerged. The results are given in table 3, and illustrated in 
figure 12. 

This experiment seems to show conclusively that the bacteria remain 
alive within the puparium and emerge with the adult fly in an active and 
virulent state. 

BACTERIA NOT INSIDE OF THE EGGS 

In several cases [Buchner (3), and Hertig and Wolbach (15)], micro- 
organisms living symbiotically with insects have been shown to live inside 
of the egg. It seemed desirable to determine if this were true in this case. 
It was decided, therefore, to attempt to surface sterilize a number of eggs. 
Much to the surprise of the writer, it was found that this could be done very 



Fig. 13. A culture tube of sterile agar showing tracks made by a sterile maggot hatched 
from a surface sterilized egg. Photographed by reflected light one 
week after maggot emerged from the egg. 

easily without injury to the viability of the egg. The uninjured shell of 
the eggs is very impermeable to an aqueous solution of mercuric bichloride. 
It was found that the eggs could be soaked in such a solution (1-1000) for 
as long as two hours without injury to the embryo. Almost one hundred 
per cent surface sterility was obtained in this way. The surface sterilized 
eggs, after being rinsed in sterile broth, were placed on agar slants. The 
maggots which hatched from such surface sterilized eggs invariably were 
sterile, showing conclusively that the bacteria are not carried within the 
eggs. The results of a number of these treatments are given in table 4. 
Figure 13 shows an agar slant marked with tracks of a sterile maggot 
photographed one week after the maggot had emerged from the egg. The 
agar was absolutely sterile. 

The above results were confirmed by aseptic dissection of the eggs from 
the bodies of female flies. The eggs obtained in this way were placed 
separately on the surface of sterile agar. Those remaining free from bac- 
terial growth after seven days were removed and crushed in a tube of 
sterile broth or on an agar slant In every case the broth remained sterile. 
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PROBABLE METHOD OP SURFACE CONTAMINATION OF EGGS 

The results presented in table 4 show that the bacteria are not carried 
within the egg. The question of how the eggs become contaminated nat- 


TABLE 4 . — Besults of experiments to determine tJie presence of hacteria inside of eggs 

of the seed-corn maggot 


Egg no. 

Treatment 

Time 

Surface 

sterility 

Viability 

Maggot 

sterility 

1 


1 min. 

Sterile 

Viable 

Sterile 

2 


2 min. 

do 

do 

do 

3 


3 min. 

Not sterile 

do 

Not sterile 

4 


15 min. 

Sterile 

do 

Sterile 

5 

o 

do 

do 

do 

do 

6 

o 

o 

do 

do 

do 

do 

7 

T 

do 

do 

do 

do 

8 

1-i 

do 

do 

do 

do 

9 

o 

do 

do 

do 

do 

10 

• H 

u 

do 

do 

do 

do 

11 

o 

do 

do 

do 

do 

12 


do 

do 

do 

do 

13 


do 

Not sterile 

do 

Not sterile 


o 

• H 

1 hr. and 




14 


45 min. 

Sterile 

do 

Sterile 

15 

’rt 

do 

do 

do 

do 

16 


do 

do 

do 

do 

17 


do 

do 

do 

do 

18 


do 

do 

do 

do 

19 


do 

do 

1 

Not viable 


20 


2 min. 

1 

i Not sterile 

Viable 

Not sterile 

21 

pH 

do 

! do 

do 

do 

22 

tH 

do 

do 

Not viable 


23 

'r§ § 

do 

Sterile? 

Viable 

Not sterile 

24 


do 

do? 

do 

do 

25 

% gj 

do 

Sterile 

Not viable 


26 

TS lo 

do 

do 

do 


27 

a th 

do 

do 

do 


28 

o 3 

do 

do 

do 


29 

SH 

do 

do 

do 


30 

o 

do 

do 

do 


31a 


do 

do 

do 



a Many more were later surface sterilized in HgCI^ 1-15, a record of which was not 
kept, but all surface sterile eggs which hatched gave rise to sterile maggots. 

urally arises. A study of the anatomy of the adult female fly shows how 
this very probably takes place. The end of the ovipositor and anal tract 
are shown in Plate XV, e. The openings through which the excrement and 
the eggs pass are in close proximity, and are surrounded by bristly segments. 
The eggs are moist and covered with a gelatinous substance when deposited, 
and, since the excrement of the fly contains the bacteria, it would appear 
very difficult for the eggs to be deposited without becoming contaminated. 
Maggots in the act of hatching have been observed, and they always crawl 
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over the old shell for a few moments after emerging. It is very probable 
that the maggot gets the bacteria into its system at this time. 

BACTERIA NECESSARY FOR DEVELOPMENT OP LARVAE 

Baumberger (2) has shown that Drosophila living in fermenting fruit 
are dependent on yeast cells for their food supply and that sterile larvae 
are unable to grow normally on sterile fruit. They grow well, however, 
with the addition of living yeast. In the experiment reported above, in 
which sterile larvae of the seed-corn maggot were obtained by surface 
sterilizing the eggs, it was observed that the few which became contaminated 
with bacteria grew and increased in size rapidly, although they did not 
pupate normally; while those remaining sterile did not increase appreciably 
in size, although they remained alive for more than a week. Bacteria were 
added to* a few of these after they had remained about five days on sterile 
agar. Within forty-eight hours they had more than doubled in size. Since 
these maggots were growing on slants of beef-extract agar, it was decided 
to repeat the experiment, using sterile and non-sterile potato plugs as media. 
A quantity of eggs was obtained, surface sterilized, and placed on sterile 
agar. After the maggots emerged, they were allowed to remain on the 
sterile agar for tw^enty-four hours, to determine w^hether they were sterile. 
Forty-eight sterile maggots were obtained in this way. As soon as proof 
of sterility was obtained, they were renioved to sterile media, as indicated 
in table 5. One half of the tubes were inoculated with pathogenic bacteria; 
the rest were allowed to remain sterile. The results are given in table 5, 
and illustrated in Plate XV, k. They show clearly that the presence of bac- 
teria is necessary for the normal growth of the larvae when feeding on 
potato tubers. They indicate, however, that the potato furnishes some- 
thing essential to normal growth, since the larvae growing on inoculated 
beef extract agar did not pupate and emerge normally. 

THE PRODUCTION OP THE DISEASE BY /^INOCULATING’^ SEED PIECES WITH EGGS 
OP THE SEED-CORN MAGGOT 

In the spring of 1925, attempts were made to produce the disease by 
placing eggs in the soil near the seed pieces. Eggs were collected from the 
soil near seed pieces which were exposed on the surface of the ground. A 
total of 900 seed pieces were ‘^inoculated.” Holes about four inches deep 
were dug in the soil, and a freshly cut seed piece was put in each hole. 
From 3 to 5 eggs were placed in the soil near each seed piece and covered 
with about four inches of loose soil. Nine rows of 100 “inoculated” seed 
pieces and 50 “uninoeulated” seed pieces were planted. Notes were taken 
six weeks after planting. Of the 900 “inoculated” plants, 46, or a little 


TXRW 5— JResults of experiments to determine the relation of bacteria to the development of the larvae of the seed-corn maggot 
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more than 5 per cent, developed typical blackleg, while there was not a 
single blackleg plant in the checks. There were also 45 skips in the '‘inocu- 
lated” rows against 4 skips in the checks. The results, although not very 
striking, show that blackleg may be produced by "inoculating” the seed 
pieces with eggs of the seed-corn maggot. 

The writer is convinced that, with a different method of "inoculation” 
and more favorable weather conditions, a much higher percentage of dis- 
eased plants can be obtained. At the time this experiment was started, it 
was believed that in nature many of the eggs were deposited on the seed 
pieces before planting. If this were true, the method would have been 
somewhat comparable. However, later observations showed that in all 
probability most of the eggs are deposited after planting and much nearer 
the surface of the soil, or at least in open cracks. In the methods used, the 
eggs were under aboTit four inches of soil which was packed tightly by 
heavy rains*'^ shortly after planting. 

POSSIBILITIES OP CONTROL 

The problem of control is a difficult one, and no definite recommendations 
can be given at this time. Since it has been found that most of the eggs are 
deposited in the soil after planting, it is evident that protection of the seed 
pieces before planting is not sufficient. That the eggs are very resistant to 
mercuric bichloride and hot formaldehyde is shown by the data given in 
table 4. However, the larvae of closely related insects are known to be very 
susceptible to mercuric bichloride. Some preliminary experiments indicate 
that seed treated after cutting with a solution of mercuric bichloride 1-1000 
and allowed to dry retain sufficient mercury to kill maggots which attack 
it. Seed pieces treated with hot formaldehyde were readily attacked 
by the maggots and decayed rapidly. That the latter treatment was in no 
way injurious to the maggots was indicated by the fact that they reached 
normal size, pupated, and emerged as adult flies. This may explain the fact 
that mercuric bichloride treatments in many cases have given better control 
of blackleg than formaldehyde treatments. More experiments are neces- 
sary, however, before any definite conclusions can be reached. 

DISCUSSION 

The observations and experiments reported above show conclusively that 
plant pathogenic bacteria are constantly associated with the seed-corn mag- 

5 The rainfall at this station was extremely heavy during the five weeks immedi- 
ately following the planting of the potatoes in this experiment. The official government 
Weather Bureau station located at the NTorthwest School and Station, Crookston, re- 
ported rain on 27 days between May 18, the fir^t date of planting, and June 30. A rain- 
fall of 3.96 inches fell on May 23. 
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got in the various stages of its development, and that potato blackleg® may 
develop following the attack of the larvae on otherwise healthy seed pieces. 
Prom the standpoint of the development of blackleg, the insect acts not only 
as an agent of dissemination but as an agent of inoculation. It has been 
shown that, although seed pieces may be partly decayed by the blackleg 
pathogene, they may be able to cork off the decay and produce a healthy 
plant if planted under reasonably good growing conditions. On the other 
hand, if a seed piece is attacked by a seed-corn maggot, it is unable to check 
the decay. Wound cork formation is not sufficient to overcome the com- 
bined action of the maggot and pathogenic bacteria. Any cork that is 
formed is soon destroyed by the maggot, which at the same time hastens the 
development of decay by spreading the bacteria throughout the tissues of 
the tuber. 

It should be pointed out here that the experiments reported in this paper 
dealing with artificial inoculation have no bearing on natural infection of 
tubers through the stolons of diseased plants. This means of infection con- 
stitutes an entirely different phenomenon, which will be discussed in a sub- 
sequent paper. 

It also should be understood that dissemination by the seed-corn maggot 
is not considered to be the only means of dissemination of blackleg. More- 
over, the writer is of the opinion that in many cases maggots may be found 
in the seed pieces of plants which would have produced blackleg in the 
absence of the insect. In fact, the possibility that the insect attacks only 
decaying plants has been suggested (28), and was seriously considered, but 
the observations on the egg-laying habits and the decaying action of young 
maggots when placed on perfectly sound seed pieces, together with the con- 
stant association of pathogenic bacteria with the insect, -convinced the writer 
that the maggots could, and commonly do, attack perfectly healthy seed 
pieces and inoculate the plants with blackleg. In Minnesota the presence 
of this insect will explain many, but probably not all, of the outbreaks of 
blackleg in fields planted with seed known to be free from blackleg infection. 

The possibility of infection from this source should always be taken into 
consideration in field experiments on blackleg. It is very likely that many 
cases of blackleg infections which, in past experiments, have been inter- 
preted as seed piece dissemination may have been due to attacks of the seed- 
corn maggot. It also must be considered in judging the results of seed 
potato certification. 

In view of the changes that are known to take place in the puparium 
prior to the emergence of the adult, it was very surprising to find that the 

6 The term blackleg, ’ ’ as used here, refers to a bacterial necrosis of the stems 
of potato plants answering the general descriptions of that disease as described in the 
literature, without implying that the condition is caused by any particular species of 
bacteria. 
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bacteria passed through this stage and emerged with the adult fly unharmed. 
It would be interesting to follow the bacteria through this stage by histo- 
logical methods. Although material has been fixed and imbedded, this has 
not yet been done. 

The discovery of the relation of this insect to potato blackleg constitutes, 
insofar as the author knows, a distinctly new type of insect transmission of 
a bacterial plant disease. It is biological transmission in the sense used by 
Rand and Pierce (26), although in animal pathology the term ''biologicaP' 
generally is used only when the insect constitutes the only known means of 
transmission. 

The facts are very suggestive as to the relation of other similar insects 
to bacterial and possibly fungous diseases of plants. It may be of interest 
to mention that most of the data presented here for the seed-corn maggot 
and potato blackleg have been found to hold true for the cabbage maggot 
and the soft rot which usually accompanies its attack. 

The relationship between the insect and the bacteria should, in all prob- 
ability, be classed as symbiotic. It has been shown that the bacteria are 
not only beneficial to, but necessary for, the development of the larvae. 
Likewise, it is obvious that the insect contributes to the welfare of the bac- 
teria by disseminating them, by inoculating them into the plant, by aiding 
them in destroying the plant tissue, and by providing them with a sure 
means of hibernation. 

The relationship is of interest in considering the origin of the parasitic 
habits of this type of insect. Frost (7), in his monograph on the leaf 
mining diptera of North America, states: ‘'It is possible that the scavenger 
habit developed before the plant-feeding habit, the larvae having first, 
gained entrance to the plant through decayed roots and stems. Some 
writers would take exception to this hypothesis, contending that insects first 
became established on living material and, as the host died, became adapted 
to a saprophytic, or scavenger habit. It seems plausible, however, that in 
the leaf-miners the adaption is working in the reverse direction, and that 
the scavenger habit is the more primitive. According to this hypothesis, 
the larvae, having first entered the plant as scavengers, became adapted to 
an existence within the living host and finally migrated to the stems and 
leaves where they are now known as leaf-miners.’’ Following this same line 
of thought, it would seem probable that, during the evolution of the insects, 
certain scavengers developed the habit of depositing their eggs in plants 
attacked by certain plant pathogenic bacteria until these organisms were 
included among their internal symbionts. With plant pathogenic bacteria 
as symbionts, maggots from eggs deposited on healthy plants would be able 
to induce the decay and thus survive. In this way the parasitic habit may 
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have arisen. On the other hand, when we consider that the association with 
the bacteria enables the insect to shorten its life cycle (2), it may be argued 
that this is the most highly developed state. The writer must confess that 
he does not have enough information about the habits of other species of 
insects on which to base an opinion. Attention is called to the possibilities 
because of their evident bearing on a very interesting problem. More ex- 
tensive investigation of the food habits of such insects is desirable. 

SUMMARY 

1. Investigations of numerous outbreaks of potato blackleg in Minne- 
sota showed that much of. the disease could not be accounted for by seed 
piece transmission. 

2. Attempts to produce the disease by inoculating the seed pieces were 
unsuccessful because of the striking ability of the sprouting seed piece to 
cork off the decay. These results indicate that contamination of the seed 
piece at the time of cutting usually is not an important factor in the dis- 
semination of the pathogene. 

3. Observations in Minnesota extending over three years revealed a 
close association between the seed-corn maggot (Phorbia fusciceps Zett.) and 
potato blackleg. 

4. The seed-corn maggot is known to be parasitic on a wide range of 
host plants, including potatoes; and a soft rot of attacked tissues character- 
istically follows its injury. 

5. Eggs of the insect are deposited on, or in, the soil near healthy seed 
pieces or sprouts. 

6. The eggs are commonly surface contaminated with plant pathogenic 
bacteria. 

7. The larvae inoculate the seed pieces with the bacteria and aid the 
development of the disease by destroying or preventing the formation of 
wound cork. 

8. The bacteria are constantly associated with the insect, passing through 
the pupal stage, and emerging with the adult fly in a virulent state. Patho- 
genic bacteria are commonly present in the intestinal tract of adult flies. 

9. The bacteria do not occur inside of the 'eggs. The surface of the 
eggs probably becomes contaminated at time of deposition, when, coated 
with a sticky fluid, they pass between the anal appendages. 

10. Sterile maggots, obtained from surface sterilized eggs, were not able 
to grow on sterile potato tubers but grew normally when bacteria were 
added, showing that the bacteria are essential for the development of the 
maggots. 

11. The maggots developed slightly better on inoculated potato plugs 
than on inoculated beef -extract agar. 
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12. Typical blackleg was produced by ''inoculating'' healthy seed pieces 
with eggs of the seed-corn maggot. 

13. The seed-corn maggot is an agent of dissemination, inoculation, and 
hibernation of plant-pathogenic bacteria. 

14. The association between the bacteria and the insect appears to be 
one of mutualistic symbiosis, and constitutes a type of insect transmission 
of a bacterial plant disease not previously described. 

15. The facts presented here may have a bearing on the problem of the 
origin of parasitism among dipterous insects. 

16. No measures for the control of the insect are recommended, although 
preliminary experiments indicate that a thin coating of mercuric bichloride 
over the surface of cut seed pieces may be effective in preventing injury. 

Minnesota Agricultural Experiment Station, 

University Farm, St. Paul. 
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Explanation OP Plate XV 

a. Adult female seed-eom-maggot fly. (Approx. 10 x.) 

b. Eggs of the seed-corn maggot. (Approx. 50 x.) 

c. An egg of the seed-corn maggot. (Approx. 100 x.) 

d. Adult female seed-corn-maggot fly. (Approx. 1 % x.) 

e. Tip of ovipositor of adult fly showing the bristly segments surrounding the anal 
opening and the opening through which the eggs pass. Surface contamination of the 
eggs probably takes place here. 

f. A larva of the seed-corn maggot almost fully developed. (Approx, li^ x.) 

g. A hind leg of a male fly of the seed-corn maggot, showing the row of bristles 
along the middle segment which is a characteristic of this species. 

h. Three puparia of the seed-corn maggot. (Approx. 3x.) 

i. Bacterial colonies developing in the tracks of a maggot freshly hatched on sterile 
agar. 

j. The mouth parts of a seed-corn-maggot larva, showing the sharp claw -like struc- 
tures with which it attacks and burrows into plant tissue. 

k. Two larvae hatched from surface sterile eggs. The upper and small one had 
fed for twelve days on a sterile potato plug. The larger one fed for twelve days on a 
potato plug inoculated with plant pathogenic bacteria. 

l. m, and n. Sections through the healed surface of inoculated seed pieces about 
two months after planting, showing the cork layer which has completely and effectively 
walled off the bacteria, thus preventing further decay. 







PSEUDOMONAS (PHYTOMONAS) 'PISI SACKETT, THE CAUSE OP 
A POD SPOT OP GARDEN PEAS 

C . A . L TJ D W I G 
INTRODUCTION 

Psevdomonas pisi Sackett {PKytomoms pisi (Saekett) S. A. B.)/ which 
was described as the cause of a stem blight of field and garden peas in Colo- 
rado, has recently been found to prodnce a pod spot also. 

When the spots are young they have the usual translucent, water-soaked 
appearance characteristic of bacterial lesions ; but they usually become yel- 
lowish, and finally brown, as the pods mature. When the pods are ripe, 
both the healthy and diseased tissues have the characteristic stiff papery 
texture of pea- pods. The brown color of the spots, however, sets them off, 
in strong contrast, from the lighter color of the healthy tissue (Plate 
XVI, 5). If young pods are infected severely, they shrivel up and die. 
The diseased tissues swarm with bacteria. The symptoms on the other parts 
of the plant have been described by Sackett^ and in the Plant Disease Re- 
porter,^ and will not be listed here. 

ISOLATION OF THE ORGANISM 

The organism used in these studies was isolated by the usual poured 
plate method^ from a specimen of spotted pods received in April, 1922, from 
Mr. Rudolph Parmer, then horticultural specialist on the Extension 
Division staff of Clemson College. They came from a planting near Latta, 
South Carolina ; and there was no report of any stem blight accompanying 
or preceding the spots. The chief commercial damage was in the appear- 
ance of the pods, which affected the marketability of the crop. . 

INOCULATIONS 

The results of the inoculations are given in table 1. Checks, similarly 
treated except for inoculation, remained healthy in aU instances. Except 
as noted, the inoculations were made in the greenhouse. 

1 Saekett, W. G. A bacterial stem blight of field and garden peas. Ool. Agr. Exp.. 
Sta. Bui. 218. 1916. 

2 u. S. Dept. Agr. Plant Disease Reporter 8: 13-14. 1924. 

3 These plates were poured by Mr. W. B, Anil, associate professor of bacteriology. 
Assistance in this work from the following is acknowledged also: Mrs. W. B. Aull, Mr* 
E. 0. Myers, and Mr. J. H. Hunter. 
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Inspection of table 1 will show that most of the inoculation work for 
the first three years has been grouped by seasons and recorded in general 
terms instead of taking each inoculation separately. This is to be regretted, 
but it is necessary, owing to a fire which burned the Agricultural Hall at 
Clemson College on April 2, 1925, and destroyed most of the notes concern- 
ing the organism which had been accumulated up to that time. Most of 
the early work must therefore be reported from memory and can not be 
given in detail. 

The records show that there is more or less variation in susceptibility 
among different varieties of peas. The variety Telephone was by far the 
most susceptible of the three or four varieties used. It was observed also 
that young, succulent, rapidly growing tissues are more easily infected than 
tougher, more mature ones. The Telephone variety is rank in its habit of 
growth and its tissues are very tender and succulent wdien young. It is 
possible that the greater susceptibility of this variety observed here may 
be ascribed to this condition. 

The circumstances, in the order of decreasing importance, which favored 
infection were wounds, rapidly growing succulent tissues, and high humid- 
ity (secured by moist chambers). The moist chambers were quite unim- 
portant. In fact, it was found so easy to produce infections without them 
that most of the later work was done without coverings of any kind. 

The presence of wounds was very important, however. There were some 
infections where no known wounds were present, but these were very few 
as compared with the number which developed following injuries. It is 
difficult to believe that an organism exhibiting the infection characteristics 
of this one could produce a severe epidemic in the absence of some whole- 
sale source of mechanical injuries to the crop affected. In the inoculations 
carried out in 1924, much of the work was done in the writer's garden, and 
no accidental or natural infections were discovered. It is worthy of note 
in this connection that Sackett emphasized the importance of mechanical 
injuries as predisposing to the disease, even with a strain of bacteria capa- 
ble of producing stomatal infections in great abundance. 

The fact that the one seed inoculation test which we have been able to 
make failed to produce the disease would indicate that the bacteria are prob- 
ably not seed-borne. It is recognized, of course, that one such test is in- 
sufficient to be considered as proof of the point. 

The only plants other than garden peas which were inoculated were red 
and white clover. There was not the slightest evidence of infection in either 
case. 

CULTURAL CHARACTERISTICS AND IDENTITY OF THE ORGANISM 

The organism was studied on the following media : nutrient agar, nutri- 
ent gelatin, milk, litmus milk, potato plugs, nutrient broth, nitrate broth, 
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peptone broth, starch agar, dextrose broth, lactose broth, saccharose broth, 
and glycerin broth. 

The behavior of the organism on these media, with exceptions noted 
below, was similar to that of Sackett's Pseudomonas pisi. Accordingly, an 
attempt was made to secure an authentic culture of that organism for pur- 
poses of comparison. Professor Sackett’s type culture had been lost, how- 
ever, and no other could be obtained. Under these circumstances Professor 
Sackett kindly examined the South Carolina culture, made the necessary 
tests, and reported that, in his opinion, the organism is the same as the 
species he described, although possibly a different strain. The most impor- 
tant difference he noted was the failure of the South Carolina strain to 
produce a curd in milk, while his produced a soft curd. He did not observe 
reduction of nitrate, although our tests indicate a weak action of this kind. 
In litmus milk he noted more marked color banding than was the case with 
the Colorado organism, but he does not consider this an important differ- 
ence. Both organisms exhibited considerable variation in this regard. Our 
results indicate that the organism does not digest the casein, at least not 
quickly, as the addition of acid some months after inoculation and after 
the culture had become thoroughly blue threw down a curd, in addition to 
reddening the litmus. 

A further difference in the two strains lies in the ease of securing in- 
fections. Sackett ’s strain produced stomatal infections with great ease. No 
such infections with the South Carolina organism have been noted. 

All things considered, it seems best, at least for the present, to consider 
the organism as a strain of Pseudomonas pisi Sackett {Phytomonas pisi 
(Sackett) S, A. B.).^ A culture is being deposited with the type culture 
collection at the McCormick Institute, Chicago, Illinois. 

LONGEVITY OF THE ORGANISM IN CULTURE 

During the summer of 1923 it became impossible to obtain transfers of 
the original culture 4; and the practice was adopted of transferring the 
remaining cultures — A, B, C, and D (see table 1) — at intervals of about 
two weeks. For more than a year the old cultures were not discarded, so 
that at the end of that time a large number were on hand, many of which 
had been thoroughly dried for months. They were carried on ordinary 
nutrient agar. 

Late in June or early in July, 1924 (record of exact date burned) , sterile 
nutrient broth was poured into each tube, and subcultures were made from 
those which clouded. The tubes so treated contained various transfers of 

4 Society of American Bacteriologists. Manual of determinative bacteriology, 
p. 181. Williams and Wilkins Co. 1923. 




TABLE 1. — Continued. 
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cultures A, B, C, and D, and the last few transfers of culture 4. The sub- 
cultures from the oldest ones which grew were put through physiological 
tests in comparison with the current transfers of A, B, C, and D. The 
earliest dated transfers, from which cultures were secured, which agreed in 
physiological tests with the regular cultures, were as follows : 

June 1, 192S t 4 and A June 18, 1923 B, C, and 4 

June 8, 1923 B June 22, 1923 A and B 

June 9, 1923 4 

Culture 4, recovered from transfer of June 1, 1923, was later (1925. 
See table 1) inoculated into pea pods and produced typical infection. This 
culture, therefore, was still viable and virulent after being dried out for 
several months and without transfer for over a year. Its total continuous 
life on artificial media was approximately three years. 

DISTRIBUTION AND SERIOUSNESS OP THE DISEASE 

The first record of this disease in South Carolina seems to have been the 
one from Latta in 1922. At that time it appeared to be merely an unim- 
portant pod spot. Since then, however, it has taken the form of a stem 
blight which reduces the yield seriously. It was severe both in 1924 (see 
footnote 2) and in 1925.® It is also a serious factor in other parts of the 
country. 

CONTROL 

Two facts determined by this study have a bearing on the problem of 
control. First, the apparent necessity for wounds before abundant infec- 
tions can take place indicates that methods of cultivation which reduce me- 
chanical injuries to a minimum will help keep the infection down. Sec- 
ondly, the difference noted in varietal susceptibility suggests that varieties 
which are sufficiently resistant to suffer little damage from the disease can 
be found or developed. The latter is probably the most promising line of 
attack on the control problem. This opinion is shared with Sackett, who 
based his conclusion on field observations of the susceptibility of several 
varieties of field peas. 

SUMMARY 

A pod spot of peas, discovered near Latta, South Carolina, in 1922, is 
caused by an organism believed to be a strain of Pseudomonus pisi Sackett. 
This bacterium, as shown by these studies, is an active wound parasite in 
pods, stems, and leaves of the garden pea, particularly when the tissues are 
young and succulent. Occasional infections without known wounds occur. 

5 Personal communication by Br. W. D. Moore, assistant plant pathologist in ex- 
tension work, Clemson College, 8. 0. 
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Under some circumstances it is able to live in culture without transfer for 
over a year, even without protection from drying. Some varieties of peas 
seem to be more resistant than others, and the most promising line of attack 
on the problem of control appears to be an attempt to find, or develop, suit- 
able resistant or immune varieties. 

South Carolina Agricultural Experiment Station, 

Clemson College, South Carolina. 


Explanation op Plate XVI 

1. Pod of Extra Early Alaska garden pea inoculated with culture 4. Inoculated 
March 29, 1925; photographed April 7. 

2. Pods of Extra Early Alaska pea inoculated April 17, 1925, from one of the spots 
on the pod shown in fig. 1. Photographed April 23. 

3. Lesions on leaf of Telephone pea. Inoculated May 7, 1925; photographed June 1. 
The arrow points to one of the lesions. 

4. Spots on pods of Telephone pea produced by spraying the inoculum onto the 
nlants without wounding. Inoculated May 7, 1925; photographed May 19. 

5. Stem and pod lesions on Telephone pea produced by spraying the inoculum onto 
the wounded plants. Inoculated May 7, 1925 ; photographed June 1. The pod in this 
case is nearly ripe. 

Note: There was a severe infestation of red spider in the greenhouse while the in- 
culation experiments were in progress, and the grayish appearance of the leaves in the 
figures is due to injury from this source. 
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FACTORS AFFECTING THE DEVELOPMENT OF FLAX RUST, 
MELAMP80RA LINI (PERS.) LEY. 

HelenHarti 

Rust, caused 'hj Melampsora lin% is very injurious to fiber flaxes, often 
ruining the fiber. Seed flax does not appear to be severely injured except 
in epidemics, which are not uncommon in the flax-growing states. Barker 
(24) observed that seed flax often was stunted or killed outright when 
young plants were heavily infected. But older plants also may be very 
severely injured. The writer saw plants of N. D. R. 114 from Meeker 
County, Minnesota, in 1925 which were quite ruined by the rust. The 
infection on the pedicels was so heavy that the seed was badly shriveled 
and the yield very low. The disease seems most destructive on low-lying 
soils, and is especially injurious in the Red River Valley of North Dakota 
and Minnesota. Brentzel (23) reported that local losses in the Red River 
Valley in 1919 ranged from a trace to 100 per cent. The average annual 
loss for North Dakota is estimated at one per cent of the entire crop. In 
Minnesota the disease occurs quite generally throughout the State, and 
causes an annual loss of something less than one per cent (24). 

REVIEW OF PREVIOUS INVESTIGATIONS 

In 1801, Persoon (13) described a rust collected on Linum usitatissimum 
L. and L. eaiharticum L. and named it TJredo miniata var. Uni. It was 
not until 1847 that Leveille (7) placed the fungus in the genus Melampsora 
under the name Melampsora Uni. Although flax rust has been known so 
long, it has been but little investigated until recent years. Kornicke, in 
1865, probably was the first of the earlier workers to suggest a possibility 
of specialization within the species. Since 1910, Palm (12) and Bucheim 
(4) have investigated this phase of the subject and have concluded that 
the rust is not the same on all species of Linum. Arthur (2) showed that 
Melampsora Uni is eu-autoecious, but he did not find it specialized for a 

1 Cooperative investigations between the U. S. Department of Agriculture, Bureau 
of Plant Industry, Office of Cereal Investigations, and the Minnesota Agricultural Ex- 
periment Station. Published with the approval of the Director as paper No. 586 of the 
Journal Series of the Minnesota Agricultural Experiment Station. 

The writer wishes to acknowledge her indebtedness to Doctor E. C. Stakman for 
invaluable assistance throughout the investigation. 
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particular species of Linum. The cytology and sexual fusions of 3f. Uni 
have been described by Promme (6), while Tobler (21) recently studied 
the histological effects of the pathogene upon the host tissues. In Ireland, 
Pethybridge and coworkers (14, 15, 16) have been investigating the gen- 
eral aspect of flax rust since 1920. 

OBJECTS OF THE PRESENT INVESTIGATION 

The investigation was undertaken to determine: (1) the factors affect- 
ing infection, (2) the effect of environmental factors on the development 
of rust subsequent to infection, (3) the manner of entrance of the uredinial 
germ tubes into susceptible and resistant hosts, (4) the histological rela- 
tions between pathogene and host, (5) the possible occurrence of physiologic 
forms. 

FACTORS AFFECTING THE GERMINATION OP SPORES 

Aeciospores. Aeciospores germinate readily in distilled water, each 
spore sending out from one to five short, thick germ tubes. Under favor- 
able conditions, one or two of the germ tubes develop faster than the rest, 
so that the growhh is concentrated in one or two long infection threads. 
Under less favorable conditions, the germ tubes develop simultaneously 
and none of them become very long. Under optimum conditions, aecio- 
spores begin to germinate within 45 minutes, and within II /2 hours they 
often have produced germ tubes 20 microns long. 

Aeciospores do not germinate in a saturated atmosphere, but do so 
readily when floated on distilled water. It is well known that the spores 
of certain fungi germinate more readily when host tissue is added to water, 
some stimulatory substance apparently being supplied by the host. When 
crushed flax tissue was added to distilled water, the percentage of spore 
germination increased very slightly. Host tissue apparently does not 
greatly stimulate the germination of aeciospores. 

Aeciospores germinate within a wide range of temperature, the minimum 
lying close to 0° C,, while the maximum is between 26° and 27° C. The 
optimum is about 18° C., at which temperature the highest percentage of 
spores germinate and produce the most vigorous germ tubes. Those formed 
at the higher and lower temperatures are weaker and grow more slowly 
(table 1). 

Drediniospores. Each germinating urediniospore sends out one or more 
germ tubes from its equatorial germ pores. The thin-walled, reddish- 
orange tubes usually are branched, and, as in the case of aeciospores, one, 
or sometimes two, grow faster and more vigorously than the rest (Fig. 1, C) . 
Under optimum conditions, the small, knob-like germ tubes push out through 
the pores within one and one-half hours (Pig. 1, A). Under optimum con- 
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ditions, some of the germ tubes reach a length of 20 microns within 3 hours, 
and after 24 hours many are 150 microns long. 

Contact with water is necessary for the germination of urediniospores. 
The writer never has observed their germination in a saturated atmosphere, 
while those floating on distilled water germinated readily. As in the case 
of aeciospores, the addition of host tissue to distilled water did not stimulate 
germination appreciably. . 


TABLE 1. — The effect of temperature on the germination of aeciospores of Melampsora 

Uni in distilled water 


Temperature in 
degrees 0. 

Percentage of 
germination 

Character of germ tubes 

0-> 2 

2.5 

Very short and slender; weak 

6~ 7 

46.5 

Short, but fairly vigorous 

11-12 

81.5 

Long and vigorous 

17-18 

90 

Long and very vigorous 

21-22 

80 

Long and vigorous 

. 24-25.5 

62 

Short and very weak 

28-29 

0 



Oxygen is required for urediniospore germination. Spores floating on 
distilled water germinate readily, while those submerged in water, and 
therefore having a diminished supply of free oxygen, seldom germinate. 
Prom 60 to 80 per cent of spores germinated when abundant oxygen was 
available, while none germinated when all of the oxygen was removed by 
pyrogallol. 

Temperature has a decided effect on the germination of urediniospores. 
The optimum is about 18° C., the same as for aeciospore germination. The 
highest percentage of spores germinate at the optimum, but fairly abundant 
germination and vigorous germ tube growth is obtained at temperatures 
ranging from 6° to 23° C. Beyond these limits the percentage of germina- 
tion decreases, and germ tubes are short and weak (Fig. 1, D and E) . Even 
at 23° C. the germ tubes- are poorly developed. At 27.5° C. the spores did 
not germinate, the maximum temperature apparently being about 26° or 
27° C. The minimum lies very close to 0° C., for a small percentage of 
spores germinate at from 0° to 1° C. In one instance, 9 per cent of the 
spores germinated during eight hours at from 0.5° to 2.5° C., but the germ 
tubes grow very slowly at such low temperatures (Pig. 1, D). Table 2 
gives the percentages of urediniospore germination obtained at different 
temperatures in five representative trials. 

Light seems to have little or no effect on the germination of the uredinio- 
spores of M. Uni. Germination tests were made in light and darkness at 
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TABLE 2. — The effect of temperature on germination of urediniospores of Melampsora 

Uni in distilled water 

I Temperature in degrees Centigrade 


Series 

number 

0.5~2.5 

6.7 

11-12 

15-17 

18-19 

21-23 

24.5-25.5 j 

r 1 

30 




Percentage of germinationa 




■■'l 

1 

37 

38 

45 

- 

54 

1 

0 

0 

2 

- 

62 

65 

78 

87 

50 

16 

0 

" 

3 

- 

41 

55 

47 

! 

56 

9 

- 

0 

4 

9 

60 

75 

- 

87 

73 

6 

0 


5 

tr 

77 

85 

86 

91 

15 

4 

0 

- 

Average 5 

55 

1 64 

64 

88 

■ 50 

9 

0 

0 


a tr = less than 1% ; ~ = no test made. 

temperatnres of 14°, 17°, and 23.5° C. In every case the development of 
the germ tubes and the germination percentages at a given temperature 
were approximately the same in light and darkness. Table 3 gives the aver- 
ages obtained during three trials. 

TABLE 3. — The effect of %ght on the germination of urediniospores of Melampsora 
Uni in distilled water at different temperatures 


Temperature 
in degrees C. 

Light conditions 

Percentage of 
germination 

14 

Artificial electric light i 

42 

14 

Darkness 

45 

17 

Sunlight 

62 

17 

Darkness 

60 

23.5 

Sunlight 

4 

23.5 

Darkness 

5 


Teliospores, Pethybridge, LaJferty, and Ehynehart (15) recently have 
described the germination of teliospores. Each spore produces a short, 
thick promycelium, usually divided into four cells by transverse walls. A 
single oval or pear-shaped basidiospore is borne on the sterigma of each cell. 

Teliospores require a rest period before germination. The writer made 
several attempts to shorten the period of dormancy, but failed in all of 
them. Teliospores stored out-of-doors during the winter did not begin to 
germinate until early June. In 1924, teliospores began to germinate on 
June 12, and flax rust was flrst found in the field on June 20. 

Thiel and Weiss (20) found that the rest period of teliospores of Puc- 
cinia graminis tritici (Pers.) Brikss. and Henn. could be shortened by treat- 
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ment with one per cent citric acid for fifteen minutes. The writer soaked 
teliospores of Melcm'psora lird in one per cent citric acid for periods vary- 
ing from ten to thirty minutes, but the rest period was not shortened. 

Noble (11) found presoaking necessary to the germination of spores of 
JJrocystis tritici Koern. Teliospores of Melampsora Uni were presoaked in 
distilled water for periods varying from a few hours to a week, at the end 
of which time flax tissue was added, but none of the spores germinated. 

Alternate free 2 dng and thawing did not shorten the period of dormancy, 
nor did lowering the surface tension by films of benzaldehyde, citral, oil of 
bergamot and oil of garlic have any effect. Exposure to ether vapor for 
periods varying from two seconds to two minutes also was ineffective. Solu- 
tions of sodium nitrate, calcium nitrate, and potassium nitrate were used 
in concentrations of N/1, N/10, N/25, and N/300, but none of the spores 
germinated. If the dormancy period can be shortened, the right methods 
for accomplishing it have not been found. As the methods which are 
effective in stimulating germination of spores of several other fungi were 
ineffective for teliospores of M. Uni, it is possible that a period of real ‘ ^ after 
ripening” is necessary. 

VITALITY OP SPORES 

As the rust is spread largely by urediniospores, it is important to know 
how long they retain their viability. 

Temperature and relative humidity are known to affect the vitality of 
spores. The effect of these two factors on the vitality of urediniospores was 
therefore investigated. Uredinial material from greenhouse cultures was 
kept at 7° C., 11° 0., 17° C., and 22° C., in relative humidities of 0, 20, 40, 
60, and 80 per cent. There was a plus and minus fluctuation of about one 
degree for the different temperatures. The relative humidity was controlled 
by using various concentrations of sulphuric acid. The material was sus- 
pended above the acid in sealed bottles kept at different temperatures The 
results of the germination tests are given in table 4. 

Seventy per cent of the spores germinated at the beginning of the ex- 
periment. As time passed, the germination percentages gradually decreased 
until none of the spores germinated. It will be seen from table 4 that the 
spores lost their vitality more rapidly at the higher temperatures than at 
the lower ones, and at the extreme relative humidities than at the inter- 
mediate ones. At the end of five weeks nearly all the spores kept at 22° C. 
had lost their viability, for less than one per cent of those kept at a relative 
humidity of 40 per cent germinated, and none of those kept at the other 
relative humidities germinated. After eleven weeks, all spores, except those 
kept at 7° 0. and 60 per cent relative humidity, had lost their viability. 
After twelve weeks none of the spores germinated, although it is possible 
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that the urediniospores remain viable longer at still lower temperatures. 
However, this seems improbable; and it seems unlikely, from the results 
obtained, that the urediniospores retain their viability during the winter. 


TABLE 4:.— The effect of temperature cmd humidity on the mahility of uredmiospores 

of Melampsora Uni 


Temperature 
in degrees C. 

Relative 
humidity 
in per cent 

Time in weeks 

1 

3 

5 

7 

11 

12 

Percentage of germination in distilled waters 


0 

tr 

0 

0 

0 

0 

0 


20 

38 

11 

7 

2 

0 

0 

7 

40 

18 

9 

11 

8 

— 

— 


60 

52 

6.5 

16 

12.5 

tr 

0 


80 

40 

7.5 

10 

2.5 

0 

0 


0 

2 

1.2 

tr 

0 

0 

0 


20 

42 

10 

3 

1.5 

0 

0 

11 

40 

37.5 

25 

4 

2 

0 

0 


60 

38 

tr 

2 

tr 

0 

0 


80 

36 

0 

0 

0 

0 

0 


1 

0 

5 

0 

0 

0 

0 

0 


20 

25 

9 

5 

tr 

0 

0 

17 

40 

24,5 

3 

tr 

tr 

0 

0 


60 

38 

10 

tr 

0 

0 

0 


80 

tr ! 

0 

0 

0 

0. 

0 


0 

20 

32 

tr 

0 

0 

i 

i 0 

I 

22 

40 

39 

2 

tr 

0 

i ° 

— 


60 

11.5 

tr 

0 

0 

0 

— 


80 

tr 

0 

0 

0 

1 ° 

1 


atr = less than 1%; -=:no test made. 


As is shown in table 4, the decrease in the percentage of spore germina- 
tion is more gradual at low than at high temperatures. The largest number 
of spores seemed to remain viable for the longest period of time at 7° C. 
The most favorable relative humidity seemed to be 40 per cent in most cases, 
although at 7° C. a relative humidity of 60 per cent seemed most favorable. 

INFECTION PHENOMENA 


The uredinial germ tubes enter the host through the stomata. The 
manner of entrance is similar to that described by Stakman (18) for Puc- 
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einia graminis tritici. The iirediniospores o£ M. hni produce germ tubes 
which grow toward the stomata, following very closely the contour of the 
epidermis. The tube swells directly over the stomatal opening and the 
protoplasmic contents are concentrated in an appressorium (Pig. 2, B). 
A slender penetration tube then passes between the guard cells and forms 
a substomatal vesicle. Pig. 2, B, D, and E, illustrate the entrance of the 
pathogene in a susceptible host. Prom the substomatal vesicle numerous 
infection threads grow out in all directions, branching between the cells of 
the host and sending haustoria into them (Pig. 2, E). The invaded host 
cells appear to be uninjured for a considerable time after infection. 

Miss Marry at (8) found that the uredinial germ tubes of Puccinia glu- 
marum (Schum.) E. and H. entered highly resistant hosts as well as sus- 
ceptible ones. Stakman (18), Newton (10), and Allen (1) found the 
same to be true of Puccinia graminis tritici (Pers.) E. and H. Flax rust 
is very similar, for the uredinial germ tubes enter the stomata of Argentine 
flax, a practically immune variety. There is no externally visible sign of 
entry, but it is evident from histological study that typical appressoria, 
penetration tubes, and substomatal vesicles are formed (Pig. 2, C). In- 
fection threads grow out from the substomatal vesicle, and haustoria some- 
times may be sent into the cells. The host cells seem extremely Sensitive 
to the rust hyphae, and, within a week after inoculation, some of the host 
cells are killed by the fungus which is unable to establish itself and finally 
dies (Pig. 2, P). The action is usually very rapid, for only a few of the 
host cells are killed by the pathogene before it dies. 

The time required for the entrance of the pathogene into the host was 
determined by varying the time during which inoculated plants were kept 
in the moist chamber. Fourteen pots of flax, of ten plants each, were in- 
oculated and placed in the moist chamber at the same time. They were re- 
moved in pairs after intervals of 1^2? b, 9, 14, 24, and 48 hours, respec- 
tively. Observations were made 10 days after inoculation. No uredinia 
appeared on plants incubated only 1% hours. Even under optimum condi- 
tions, the urediniospores did not begin to germinate until after 1% hours, so 
that no germ tubes were long enough to effect entrance when plants were 
kept in a moist chamber for only this length of time. The plants incubated 
for three hours became very slightly infected, 11 uredinia appearing on a 
total of 20 plants. 

The germ tubes are often 20 microns long at the end of 3 hours, so that 
entrance may be effected very easily within that time if a spore is near a 
stoma on the leaf. Light infection developed on plants incubated in the 
moist chamber for 6 hours, and moderately heavy infection on those plants 
incubated 9 hours and 14 hours. Plants kept in the moist chamber for 24 
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yiG. 2. A, Surface view of two appressoria formed by uredinial germ tubes over 
stomata. After fox*ty-eiglit hours in the moist chamber. B. Section of a leaf of 
Winona flax, taken after forty-eight hours in the moist chamber, showing an appres- 
sorium (1) over the stoma, a slender penetration tube (2) passing through the stomatal 
opening and a sub-stomatal vesicle (3) formed beneath the stoma. C. Section of a leaf 
of Argentine flax, taken after forty-eight hours in a moist chamber, showing a typical 
appressorium (1), penetration tube (2) and small sub-stomatal vesicle (3). B. Section 
of Winona leaf, taken four days after inoculation, showing an appressorium (1), pene- 
tration tube (2), sub-stomatal vesicle (3) and the hyphae (4) developing from the sub- 
stomatal vesicle. E. Section of Winona leaf, taken five days after inoculation, showing 
the intercellular hyphae (4) which penetrate the host tissue and send haustoria (5) into- 
the host cells. F. Section of Argentine leaf, taken seven days after inoculation, show- 
ing infection threads (4) which have destroyed certain host cells (6). 
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and 48 hours became heavily infected. The fact that germ tubes may enter 
in as short a time as 3 hours indicates that a small amount of moisture for a 
relatively short time may be sufficient for the process in the field. 

FACTORS AFFECTING LENGTH OF INCUBATION PERIOD 

In the greenhouse, at temperatures between 16° and 23° C., uredinia 
appear 9 or 10 days after inoculation. The first evidence of infection is the 
appearance of flecks, minute circular areas lighter in color than that of the 
normal, green leaf. The light areas soon take on an orange color, owing to 
the formation of urediniospores beneath the epidermis of the host. Within 
24 hours the epidermis is ruptured by the fully formed uredinium. 

The length of the incubation period is greatly influenced by external 
conditions. The effect of environment on the incubation period of the 
uredinial stage was studied most extensively. It was found that environ- 
mental conditions immediately following inoculation affect the germination 
of spores and the entrance of the pathogene, and, after the fungus enters 
its host, environmental conditions are important in determining the rapidity 
of development and the severity of the infection. Factors influencing spore 
germination may be relatively unimportant in uredinial formation and vice 
verm. 

Moisture. As shown above, no rust develops on plants supplied with 
abundant moisture for only 1% hours. Abundant moisture for 3 hours, 
immediately after inoculation, is sufficient to enable a few spores to germi- 
nate and send germ tubes into the host, but severe infection is obtained only 
when the time is extended to 24 hours. 

Light. Light has virtually no effect on the germination of the spores of 
M. lin% and evidently has no influence on the entrance of the germ tubes. 
One series of plants was inoculated with urediniospores and placed in a 
moist chamber exposed to sunlight during the day and to artificial light dur- 
ing the night. A second series, inoculated at the same time, was placed in 
a moist chamber from which all light was excluded by a cover of six layers 
of heavy wrapping paper. The temperature was favorable to spore germi- 
nation, varying from 17° C. to 23° C. After 48 hours, the plants of both 
series were removed from the moist chambers and placed on the greenhouse 
oench. On the 11th day uredinia appeared in both series, and the de- 
gree of infection was approximately the same, indicating that the germ tubes 
are able to enter the host equally well in darkness and in light. 

Light appears to have little effect on germination of the spores and sub- 
sequent entrance of the germ tube into the host, but it is essential to pustule 
formation after the pathogene has established itself within the host. On 
plants exposed to continuous electric light with an intensity of 400 to 600 


1926] 


Hart : Flax Eust 


195 


foot candles at tlie leaf surface (a low intensity when compared with that 
of sunlight), uredinia appeared 61/4 days after inoculation, while check 
plants, under normal conditions of alternate sunlight and darkness, did not 
fleck until the 9th day after inoculation. While increased light shortens the 
incubation period, decreased light tends to lengthen it, and retards the 
formation of uredinia. On plants shaded with black cambric and placed in 
a dark corner of the greenhouse, uredinia did not develop until the lith day 
after inoculation, 5 days later than on the check plants exposed to full sun- 
light, and almost 8 days later than on plants exposed to continuous electric 
light. 

Temperature. The influence of temperature during the moist cham- 
ber period was determined by placing inoculated plants in moist cham- 
bers kept at different temperatures. All the plants were inoculated under 
uniform conditions and one-third of the lot placed in a moist chamber at 
4-10° C., one-third at 16-20° C., and the remaining third at 27-30° C. 
After 48 hours, all were removed to the greenhouse bench and kept at a 
temperature of 16-22° C. under optimum light conditions. The first 
uredinia appeared 91/2 days after inoculation, on the plants which had been 
kept in the moist chamber at 4-10° C. Ten days after inoculation, uredinia 
appeared on the plants incubated in the moist chamber at 16-20° C. None 
of the plants in the third series became infected, the temperature being too 
high for the germination of spores. The results of the experiment agree 
with the results of spore germination tests, for the urediniospores germinate 
readily at temperatures between 6° and 22° C., while the maximum tempera- 
ture for germination is about 26° or 27° C. 

Uredinia may form within a fairly wide range of temperatures, but the 
optimum coincides with the optimum temperature for spore germination and 
that of the growth of the flax plant. Nine pots of flax were inoculated and 
placed in a moist chamber at from 16° to 20° C. After 48 hours, they were 
subjected to different conditions. Three pots were exposed to temperatures 
of from 7° C. to- 14° C., three were placed at 16° to 22° C., and three at 
25° to 30° C. The results are summarized in table 5. The lower and higher 
temperatures retard the formation of uredinia. At 16° to 22° C., uredinia 
first appeared on the 10th day after inoculation. On the 11th day, the flecks 
and uredinia were numerous, and from 65 per cent to 100 per cent of the 
plants were infected. On the 14th day the rust infection was severe, the 
uredinia being large and very numerous. At the lower temperatures, 
7-14° C., the flrst uredinium appeared 14 days after inoculation, and at the 
higher temperatures, 25-30° C., uredinia appeared on the 15th day. In- 
fection was always light at the lower and higher temperatures ; the uredinia 
were always small and relatively few in number. 



The efect of temperature on the development of uredinia of Melampsora Uni on Winona flaoj, (7. I, 179, inoculated mith uredinio spores 

and Icept in a moist chamher for 48 hours at G, 
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THE EFFECTS OF SOIL NUTRIENTS ON RUST INFECTION 

Soil nutrients influence the growth and vigor of the host plant and thus 
indirectly influence the development of the rust. Obligate parasites, such 
as M. lin% usually thrive best on healthy plants. In o*rder to ascertain the 
effect of nutrients, Winona flax, C. I. 179, was planted in sterilized soil and 
supplied with nutrient solutions of calcium acid phosphate, magnesium acid 
phosphate, potassium nitrate, sodium nitrate, and potassium sulphate made 
up in the following proportions : 


2.944 gm. CaHPO^ ... 
2.980 gm. MgHPO^ 

1.728 gm. KNO^ 

1.452 gm. NaNO^ ...... 

2.980 gm. 


1000 e.c. distilled H O 
2 

do 

do 

do 

do 


Check plants were supplied with distilled water. 

Inoculations were made six weeks after planting. At that time, the 
plants in the acid phosphate series were larger and more vigorous than the 
others. The leaves were large and bright green, and nearly every plant had 
developed several branches. Plants in the nitrate series grew moderately 
well, developing strong, erect stems which seldom branched. The leaves 
were smaller and darker in color than those in the phosphate series. Plants 
supplied with sulphate grew very slowly. The leaves were very small, and 
the plants were about half as high as those in the phosphate or nitrate series. 
Even the cheek plants appeared more vigorous than those supplied with 
sulphate. 

The plants were inoculated with urediniospores of M, Uni, kept in a 
moist chamber for 48 hours, and then removed to the greenhouse bench. 
Observations were made on the 10 th day after inoculation and are given 
below. 

Phosphate series: Uredinia numerous, large, and fully formed, with the 
ruptured epidermis of the host evident. Slightly greater infection on 
plants in the MgHP 04 series than those in the CaHPO^ series. 

Nitrate series: Uredinia numerous but not large; some uredinia fully 
formed, while others were just rupturing the epidermis of the host. Some- 
what greater infection on the NaNOg series than the XNO 3 series. 

Sulphate series: Uredinia few and very small; just breaking the 
epidermis of the host. 

Chech plants: Uredinia few and small. 

Uredinia seem to appear sooner, and in greater abundance, on the most 
vigorous plants, a result which is to be expected. Pethybridge, Lafferty 
and Rhynehart (15) state that the intensity of a flax rust attack appears 
to increase with the luxuriance of host growth. Observations were again 
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made 17 days after inoculation, and those plants furnished with phos- 
phates and with nitrates were very severely infected. There was very 
light infection, and practically no injury, on plants in the sulphate series 
and in the distilled water series. The plants in the phosphate series always 
were most severely infected. 

HISTOLOGICAL RELATIONS BETWEEN HOST AND PATHOGENS 

Rust attacks all the above-ground parts of the flax plant : steins, coty- 
ledons, leaves, pedicels, and sepals. Early in the season, when the uredinial 
stage is prevalent, the rusted leaves are most conspicuous, but later, after 
the development of teliospores, the rust appears to be most abundant on 
the stems. It is the stems of fiber flax which are damaged, a moderate 
amount of rust causing a great deal of injury. The rust on the leaves is 
just as injurious to seed flax as that on the stems; the leaves often are 
killed and the entire plant may be stunted, so that it yields poorly. Heavy 
infection causes the stems to* become so brittle as to break at the point of 
attack. 

The hyphae are intercellular, pushing their way between the host cells. 
Very often the mycelium is so abundant that the cells of the host are 
wedged apart and separated from each other (Fig. 1, F). 

In all of the sections of infected flax stems examined, the mycelium 
seemed to be restricted to the cortical region. None of the hyphae were 
ever seen penetrating the woody portion of the stem. In most of the 
sections they had penetrated as far as the bast fibers, which are grouped in 
strands in the cortex. The fibers themselves are often surrounded by the 
mycelium. Tobler (21) has described the effect of the fungus on the bast 
fibers and states that often they are more severely attacked than any of the 
other tissues. He found that in some cases the pathogene seems to modify 
the wall substance so that the thick walls of the fibers become much thinner. 
When the rust is severe, the fibers collapse and shrivel as though the cells 
of the adjoining cortex had exerted a pressure upon them. Tobler states 
that in some cases the fibers appear to be lignified when attacked by the 
rust. Also the pathogene seems to have a preservative effect, protecting 
the tissues from decay, so* that the fiber cannot be separated in the retting 
process which fiber flax must undergo. 

Fiber flax undoubtedly is severely injured by the rust. Seed flax suf- 
fers little damage until the mycelium becomes abundant enough to kill the 
tissues or retard the growth of the plant. The attack on the stems causes 
them to become brittle and break easily, a condition which may result in 
a poor stand and decreased yield. The destruction of the fibers in seed 
flax is not of such direct importance as in fiber flax. 
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PHYSIOLOGIC SPECIALIZATION 

Persoon (13, p. 216), in 1801, described a rust of flax collected on Linum 
usitatissimum L. and L. catJiarticum L., in -wMcli the uredinial stage was 
noted and designated as Uredo miniata tbx. Uni Pers. Since that time, 
several authors have described flax rust, nearly every one placing the causal 
organism in a different genus. It has been described as TJredo, Podo- 
sporkmyLecyfheaf Xyloma, and Padacystis, but it was not until 1847 that 
Leveille (7) placed the fungus in the genus Melampsora. 

According to Saecardo (17), M. Uni occurs on the following species of 
Linum: L. catharticum L., L. usitatissimum L., L. narbonense L., L. nodi- 
florum Jj,, L. marginale A. Cunn., L. alpinum Jslqq., L, perenne L., X. 
strictum Jj., and L. austriacumJj. 

Sydow (19) reports the occurrence of rust on these additional species 
of Linum: L. anatolicum L, breweri, L. capitatum, L. congestum, L. corym- 
bulosum, L, drymarioideSy L. gallicumj L. hirsutum^ L. lewisiiy L. pubescens, 
L, possariodeSy L, rigiduMy L. sulcatum, and L. viscosum} 

In the United States, Arthur (3) reports rust on L, breweri A. Gray, 

L, drymarioides Cnwany L. rigidum Pursh., and L. sulcatum Redd. 

Kornicke probably was the first to suggest the possibility of specializa- 
tion within Melampsora Uni. According to Bucheim (4), Kornicke pointed 
out, as early as 1865, that in Prussia the rust on Linum usitatissimum was a 
special variety which he named M. Uni var, Uniperda. Kornicke also 
pointed out that Linum usitatissimum often was free from rust under con- 
ditions where Linum cathariicum rusted commonly. . 

In 1910, Palm (12) found that M. Uni on Linum usitatissimum had 
much larger teliospores than those described for M. Uni on L. catharticum. 
His attempts to infect L. catharticum with urediniospores from L. usitatis- 
simum were unsuccessful. His results led him to regard the form on com- 
mon flax as a distinct species, and he named it Melampsora Uniperda 
(Kornicke) Palm. 

In 1915, Eriksson (5) concluded that there were two forms of M. Uni, 
one on common flax, Linum usitatissimum, and one on L. catharticum. 

In 1915, Bucheim (4) made cross inoculations with urediniospores of 

M. Uni on four different species of Linum; viz.: L. catharticum, L. alpinum, 
L. strictum, and L. tenuifolium. The results indicated that the rust on 
each of the four hosts was highly specialized, infecting its own particular 
host but being unable to infect other species of Linum. 

Pethybridge, Lafferty, and Rhynehart (16), in 1922, failed to infect 
common flax with rust obtained from purging flax, L. catharticum. 

Wild flax, L. lewisii, is common in the Dakotas and Montana, and is 
frequently rusted. If the, forms of M. Uni on the common flax, L. usitatis- 


2 The authors of these species are not given by Sydow. 
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dmuMj and the wild flax, L, lewisii, were the same, the wild flax might be 
important in spreading rnst to the enltivated flax. Arthur (2) states that 
teliospores of M. Uni from common flax infected L. lewisi% an indication 
that the rust is not specialized to a particular species in this country. 

The writer attempted to ascertain to what extent physiological speciali- 
zation occurs in M, Uni. Winona flax, susceptible to the rust of common 
flax, was inoculated with urediniospores taken from the wild flax, L: lewim.^ 
No infection resulted on two lots of plants inoculated in the first series, but 
four small uredinia appeared on plants in the other two lots. At first it 
was thought that a successful transfer had been accomplished, but in view 
of the later experiments it is probable that accidental infection with ure- 
diniospores of rust from common flax had taken place, inasmuch as the 
plants were not as completely isolated as in later experiments. All subse- 
quent attempts to cause infection were unsuccessful. It appears, therefore, 
that the rust on L. lewisii is specialized for its host and does not attack 
Winona, a susceptible variety of common flax. 

In addition to Winona, the resistant Argentine was inoculated with 
urediniospores from L. lewisii. No infection resulted in any case. While 
Bucheim showed that the rust of common flax does not attack L. catharti- 
cum, L. alpinnm^ L. strictum, nor L. tenuifolium, in Europe, no reports 
other than Arthur’s (2) have been made regarding its ability to attack 
the species common in the flax-growing areas of the United States. There- 
fore attempts were made to transfer the rust from common flax to L. lewisii 
and L. rigidum^^ the two wild species which are probably most common in 
the western areas. Seed of L. sulcatum, a species common in Minnesota 
and Wisconsin, was collected, but it germinated so poorly that plants for 
only two inoculations were obtained. Infection did not occur in either 
case. The L. lewisii used in the experiment came from some plants col- 
lected the previous fall. New shoots put out by the perennial crown were 
grown in the greenhouse for three months. No rust developed on them, 
thus indicating probable freedom from previous infection. When A. lewisii 
was inoculated with urediniospores from common flax, , the results were 
always negative. Only three trials could be made with L. rigidum. At the 
time of inoculation the plants were very small, there being only three or 
four leaves on each one. No infection was secured in the first trial, but in 
the second and third trials L. rigidum was severely infected with rust from 
common flax. The incubation period was somewhat longer than it usually 

3 Specimens of rusted L. lewisii sent by Professor E. B. Payson and by Mr. E. XJ. 
Ootter, of the TJniversity of Wyoming. 

4 Plants of L. lewisii were obtained from Mrs. F. M. Heath, through Professor 
Baird, University of North Dakota. Seed of L. rigidum was furnished by Professor 
E. J Petry, State Agricultural College, Brookings, South Dakota. 
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is on common flax, as the uredinia did not develop until the 15th day after 

inoculation. After 20 days, the plants were severely rusted. i 

Apparently, L. lewisii need not be regarded as a source of infection of 
cultivated flax, for the rusts on the two species seem to be highly special- 
ized ; on the other hand, L. rigidum may prove dangerous, for the rusf on 
common flax attacks this wild species. It was impossible to obtain naturally 
rusted L, rigidum, but it is quite probable that the rust can be transferred 
from this wild species to cultivated flax. 

According to our present knowledge, the variety Argentine is virtually 
immune from rust, but it is possible that there is some form which can 
attack it. Eust on common flax, therefore, was collected from several dif- } 

f erent localities and cultured in the greenhouse. The following strains 
were maintained successfully : (1) from Purgatory Plats, Hennepin County, 

Minn. ; (2) from University Farm, St. Paul, Minn. ; (3) from Fargo, N. D. ; . 

(4) from Mandan, N. D.j (5) from Indian Head, Saskatchewan, Canada; 

(6) from Saskatoon, Sask., Canada. Argentine and Winona were inocu- ! 

lated with urediniospores from each of the rust collections. Host plants 
of various ages were used in order to determine whether the age of the 
host had any effect on its resistance. Plants of various ages, up to maturity, 
were inoculated. Winona became infected with every culture, the degree 
of infection ranging from moderate to heavy, but not varying much accord- 
ing to the age of the host. In most cases where Argentine was inoculated, 
the results were entirely negative, no signs of infection appearing. But 
in one experiment, two small flecks appeared on one plant out of six which 
had been inoculated with the culture from Mandan. The flecks developed 
into aborted uredinia which formed spores but never broke through the 
epidermis of the host. The uredinia remained in such a condition for two 
weeks, when the epidermis was ruptured with a needle and the spores trans- 
ferred to other leaves of the same plant. Following the second inocula- 
tion, two very small uredinia appeared, but the leaves shriveled before the 
uredinia were fully formed, and the rust was lost. All other trials with 
the Mandan strain gave, negative results. In one other experiment, infec- i 

tion resulted when Argentine was inoculated with urediniospores of the 
Fargo strain. A small uredinium appeared on one plant in twelve. In | 

this case the uredinium was fully formed and the epidermis of the host was 
ruptured. A few days later several uredinia appeared on the same plant ; 
and, two weeks after the first uredinium was noticed, the plant was heavily 
rusted. There were no signs of infection on any of the other plants even 
when inoculated with spores from the rusted Argentine plant. As only a 
single plant was rusted, it seemed probable that it may not have been Argen- ^ 

tine. This explanation seems most plausible, because the experiment was j :. 
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repeated many times, always with negative results. None of the other 
strains infected Argentine. This does not prove that there is no further 
specialization within M. Urn on varieties of common flax, but it does indi- 
cate that, if there are physiologic forms, probably none of those occurring 
in this region are able to attack Argentine. The results are important when 
one considers the fact that Argentine is being used extensively as a re- 
sistant parent in flax breeding studies. 

CONCLUSIONS 

The facts obtained in these investigations indicate that epidemics of 
flax rust may occur each year under normal conditions. Cool, moist 
•weather, the most favorable condition for the grcwdh of flax, also is con- 
ducive to the development of flax rust. Spores germinate within a wide 
range of temperature. The spread of the disease is checked by hot, dry 
weather, as the maximum temperature for spore germination is 26-27° C. 
Uredinia are formed over a wide range of temperature, so that the supply 
of inoculum may increase rapidly, even at fairly low or high temperatures. 
Low temperature cheeks the development of the disease only slightly, since 
it merely delays the production of inoculum and does not inhibit spore 
germination. High temperature delays the formation of uredinia and 
inhibits spore germination so that the inoculum produced is not effective 
until a return of favorable conditions. 

Spores must be in contact with water in order to germinate, but the fact 
that the pathogene can enter the host when abundant measure is supplied 
for only three hours indicates that either light showers or dews may furnish 
sufficient moisture for infection. If plants are wet for only a short time, 
therefor^, they may become infected. 

Light seems to have little effect on spore germination and entrance of 
the germ tubes into the host. Infection can occur at any time of night or 
day. However, light is required for the formation of uredinia. Fair days 
favor the formation of uredinia, and a succession of cloudy days lengthens 
the incubation period somewhat ; but apparently -there is always enough 
light to enable the rust to develop well in nature. 

The fact that M. Uni is not restricted to common flax suggests the pos- 
sibility that wild flaxes may be dangerous sources of inoculum in flax- 
growing areas. So far as determined, L. lewisii need not be feared, for the 
rust occurring on it probably will not attack the cultivated species. On the 
other hand, the wild species, L. rigidum, is attacked by the rust from com- 
mon flax and may prove to be a source of infection for the cultivated crop. 

The use of resistant varieties affords the only practical means of con- 
trolling flax rust. So far, Argentine has proved to be practically immune 
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from rust, apparently possessing a true physiologic resistance. Uredinial 
germ tubes of the fungus enter the resistant Argentine as well as the sus- 
ceptible Winona flax. Argentine is hypersensitive to the pathogene, which 
kills some of the host cells quickly and is then unable to develop further. 
The evidence obtained by the writer indicates that in the principal flax- 
growing states there are no physiologic forms which can attack Argentine. 

SUMMARY 

1. A study was made of the factors affecting infection and development 
of Melampsora Uni (Pers.) Lev. 

2. The cardinal temperatures for the germination of aeciospores and 
urediniospores are 0.5° C., 18° C., and 26-27° C.. 

3. Aeciospores and urediniospores germinate readily in distilled water. 
The presence of host tissue does not stimulate germination appreciably. 

4. Aeciospores begin to germinate at the end of 45 minutes at optimum 

I temperature, each spore sending out from one to six germ tubes. 

5. Urediniospores begin to germinate after 1% hours, each spore send- 
ing out one or more branched, reddish-orange germ tubes, one of which de- 
velops more rapidly than the rest. 

6. Urediniospores germinate equally well in light and in darkness. 

7. Under favorable conditions, urediniospores retain their viability 
almost three months. 

8. Urediniospores lose their viability more rapidly at high temperatures 
than at low ones. 

9. Urediniospores retain their viability longer at relative humidities 
of 40 per cent and 60 per cent than at relative humidities of 20 per cent 
and 80 per cent. 

10. Teliospores require a rest period before germination. Attempts 
to shorten the rest period failed. 

11. Uredinial germ tubes enter the host through the stomata. 

12. The uredinial germ tubes enter resistant hosts as well as susceptible 
ones, but the pathogene kills some of the cells of resistant hosts and then 
cannot develop further. 

13. Uredinial infection occurs if inoculated plants are kept in moist 
chambers for 3 hours or more. 

14. Light is necessary for the formation of uredinia. Increased light 
hastens formation of uredinia, while decreased light lengthens the incuba- 
tion period. 


15. Uredinia appear at temperatures ranging from 7 to 30° C. Severe 

infection occurs at 16-22° C. Slight infection occurs at 7-14° C., and at 
ofi on® n 
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16. The intensity of infection is directly proportional to the Inxnriance 
of growth of the host. Plants supplied with phosphates grew more luxuri- 
antly and were more severely rusted than plants supplied with nitrates or 
sulphates. 

17. The pathogene penetrates the cortical tissues of the flax and often 
attacks the fibers. The hyphae do not extend into the xylem. 

18. Urediniospores of Melampsora Uni from common flax do not infect 
the wild flax, Linum lewisii; and urediniospores from L: lewisii do not 
infect the common flax. 

19. Urediniospores of M, Uni from common flax infect L. rigidum 
heavily. 

20. The variety Argentine was immune from all the strains of M, Uni 
used in these studies. 

Minnesota Agricultural Experiment Station, 

University Farm, St. Paul. 
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EELATION OP INTERNAL COB DISCOLORATION 
TO YIELD IN CORN 

E. A. Jehle, F. W. Olbenbueg, and C. E. Temple 

The diseases of corn referred to by Holbert and Hoffer (1, 2) as the 
root, stalk, and ear rot diseases are very prevalent in Maryland. The esti- 
mated annual loss to the corn growers of the state from these diseases is 
abont 10 per cent of the crop, which amounts to approximately 2,500,000 
bushels. These diseases are prevalent in all parts of Maryland, but they 
cause the greatest losses in the poorer sandy and clayey soils. 

Plans were made in 1921 to conduct demonstrations in the control of the 
root, stalk, and ear rot diseases, following the recommendations of Holbert 
and Hoffer (1, 2). It was found that only a few of the corn growers were 
willing to use the germinator to test all of their seed ears ; on the other hand, 
many of them were already following most of the other recommendations 
of Holbert and Hoffer, with the exception of discarding ears with discolored 
butts. 


Fig. 1. An ear of corn practically free from internal cob-discoloration (center), and', 
two ears showing internal cob discoloration. The center of the ear at the left is also 
hollo-w. The discolorations may be red, pink, gray, or brown; they may involve only tho’ 
vascular tissue, or may extend to the surrounding tissues. 


When the first seed corn selections were made in this project, some of 
the ears which showed no butt discoloration were broken, and discoloration: 
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was found in other parts of the eoh. It was soon found that many cobs 
were discolored in the interior without showing any discoloration at the 
butt. The butts and tips were then chopped from a number of ears; some 
were found to be discolored internally at the butts and not at the tips, some 
at the tips and not at the butts, and others were discolored all the way 
through, from butt to tip. 

Plans were made for conducting a series of tests to determine whether 
the red, pink, gray, brown, and other discolorations found in the vascular 
and surrounding tissues of the interior of the cob w^ere in any way related 
to yield and to root, ear, and stalk rot diseases (Pig. 1) ; and, also, whether 



freedom from these internal cob-discolorations is an inherited character. 
These tests have been made in various parts of the State (Pig. 2) during the 
past four years.^ They represent many different soil types and a wide 
range of climatic conditions. In some tests, pure-bred varieties, such as 
Eeid^s Yellow Dent, Improved Lehming, Collier^s Excelsior, Johnson 
County White, and Boone County White were used ; in other tests, mixed 
white and yellow dent varieties, were used. In only one test, conducted 
on the Maryland Experiment Station grounds, were yield records obtained 

1 The writers were assisted in conducting these tests by other members of the De- 
partments of Pathology and Agronomy and by the county agents. 
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with sweet corn. In addition to 90 tests in which accurate yield records 
were obtained, many other tests w^ere made in which the yield records were 
estimated and field observations were recorded. In almost all of these 
additional tests, the results reported by the county agents and the growers 
were similar to those of the tests in which accurate records were obtained. 


TABLE 1 . — Eelation of internal coh -discoloration to yield in corn 


Year 

No. of 
tests 

No. of 
Counties 

Av. yield 
of corn 
from cob 
wit h 0 u t 
discolora- 
tion 

Av. yield 
of corn 
from dis- 
colored 
cob 

Average 
increase 
per cent 

Average 
increase 
per cent 

No 

negative 

results 

1921 total 

6 

4 

51.49 

39.57 

11.92 

30.10 

0 

1922 total 

39 

15 

67.19 

58.37 

8.82 

15.11 

4 

1923 total 

23 

12 

62.39 

55.23 

7.16 

12.97 

1 

1924 total 

25 

11 

55.18 

46.45 

8.73 

18.79 

2 

1921 Y.Gr* 

1 

1 

63.3 

60.4 

2.9 

4.8 

0 

1921 

5 

4 

49.03 

35.41 

13.62 

38.46 

0 

1922 V.G 

9 

3 

88.91 

82.66 

5.63 

6.81 

2 

1922 M.P 

30 

15 

60.46 i 

51.08 

9.38 

18.36 

2 

1923 V.G. 

3 

2 

81.42 

78.25 

2.57 

3.28 

0 

1923 M.P 

20 

11 

59.49 

51.78 

7.71 

14.90 

1 

1924 V.G. 

2 

2 

63.45 

61.52 

1.93 

3.13 

1 

1924 M.P 

23 

10 

54.46 

! 

45.14 

9.32 

20.64 

1 


(V.G.*) Very good corn land. 
(M.P.**) Medium to poor land. 


PROCEDURE 

In each test, seed corn which had been selected by the grower was cai‘e- 
fully culled. Off-type ears were discarded, as well as ears with moldy cobs 
or kernels; shredded shanks; blistered, checked, dull, soft, or starchy ker- 
nels ; and discolored germs. 

Instead of shelling the butts and tips, which is the usual practice, they 
were cut off. After the removal of the butts and tips, further examination 
of the grains was made for undesirable qualities. The selected ears were 
then divided into three or more lots, according to the intensity of internal 
cob-discoloration. The ears showing little or none were put into lot 1; 
those showing slight discoloration were put into lot 2; and those showing 
intense discoloration were put into lot 3. The amount of internal cob- 
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discoloration was found to vary greatly in different strains of corn, but 
the average amount which could be placed in lot 1 was approximately 10 
per cent. A few strains were found in which 80 per cent of the ears could 
be placed in lot 1 ; whereas other strains were found in which practically 
all of the ears had medium to intense internal cob-diseoloration. 

In every test, a plot of lot 1 and another of lot 3 were planted. In 
some tests a plot of lot 2 also was included. A special effort was made to 
plant the corn where soil, drainage, and other conditions were uniform. 
Yield records were computed by "weighing the corn from equal areas (about 
one-fourth acre) in each plot. 

RELATION OF INTERNAL COB-DISCOLOEATION TO YIELD 

Yield records were obtained in 89 tests with field corn, and in one test 
with sweet corn. In 86 of these tests the corn planted from ears with prac- 
tically no internal cob-discoloration gave a larger yield than the corn 
planted from ears with intense internal cob-discoloration. The results 
given in tables 1 and 2 show a decided correlation between internal cob- 
diseoloration and yield, and this is more pronounced on sandy and clayey 
soils than on the best corn land. 


TABLE 2 . — The relationh of internal coh- discoloration to yield in sweet corn 


Internal eob- 
discoloration 

Yield per acre 
in pounds 

Total weight 
of dry ears 
in pounds 

Increase over ears with 
most internal eob- 
discoloration 

Pounds 
per acre 

Per cent 

Practically none 

95.4 

1431 

176 

14 

Medium 

90.8 

1362 

107 

8.5 

Intense 

63.7 

1255 




In some O'f the tests, three or four plots were planted, according to the 
intensity of the internal cob-discoloration. In almost every case there was 
an apparent correlation between the intensity of internal cob-diseoloration 
and the yield. Some of the more striking instances are indicated in table 3. 

INTERNAL COB-DISCOLORATION REDUCED BY SELECTION 

In a large number of the tests, the selection for freedom from internal 
eob-diseoloration was continued with the same corn grower for a period of 
from three to four years. In every instance the percentage of ears with 
internal cob-discoloration, as well as intensity of internal cob-discoloration, 
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was reduced by selection. Each year the seed ears were selected from the 
plots grown from ears with the least internal cob-discoloration. These seed 
ears were then sorted according to the intensity of cob-discoloration. Some 
of the most striking results are summarized in table 4. 

internal cob-discoloration 

The cause and nature of internal cob -discoloration have not been de- 
termined by the writers, but a number of investigators have made observa- 
tions and studies which have a bearing on the subject. Holbert and Hoffer 
(2) state that ‘'most ears have shank attachments pink, slightly pink or 
brown colored, or cracked or shredded, have grown on stalks more or less 
diseased,” and that “such ears usually are diseased.” In reference to the 
corn root rot diseases, Manns and Adams (3) state that “other symptoms 


table Z,—The relation of intensity of internal col) -discoloration to yield in field corn 




Plot and cob- 

Bushels per acre 

Year 

County 

discoloration 

Yield 

Yield from No. 1 



1 

68.0 


1921 

Harford 

2-f-a 

50.8 

17.2 



3-H- 

42.6 

25.4 



1 

60.1 


1922 

Anne Arundel 

2-t- 

50.0 

10.1 



3-H- 

41.66 

18.44 



1 

73.4 


1922 

Talbot 

2 a 

61.61 

11.79 



3-H- 

53.91 

19.49 



4 -hH- 

52,56 

20.84 



1 

54.48 


1923 

Kent 

2 A 

50,30 

4.18 



3 AA 

34.74 

19.74 



1 

38.2 


1924 

Anne Arundel 

2 A 

23.0 

15,2 



3-H- 

23,0 

15.2 


*1 + = relative amount of internal cob -discoloration. 


which may indicate infection are discolorations of the cob at the butt or in 
the center. Such discolorations may be pink, brown, black, or yellowish.” 
Kiesselbach (4) made germination tests from ears with yellow, pink, brown, 
and normal shanks in order to determine the percentage of kernels which 
were diseased and rotting after testing. He concluded that brown shank 
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discoloration was somewhat indicative of the corn root rot disease, and that 
pinkish and yellowish shank discolorations were not. Hoffer and Carr (5) 
found that the brown to brownish-purple discolorations which occur in the 
vascular plate tissue in the nodes of the stalk and shank and the scutellum 
of the kernels could be produced artificially by injecting solutions of certain 
iron and aluminum salts into the plants, and that these artificially induced 


TABLE 4 , — The effect of seed selection on the amount of internal ooh -discoloration in 

corn 


Year 

County 

Per cent of seed ears 
with little or no 
internal cob- 
discoloration 

Per cent of seed ears 
with internal cob- 
discoloration 

1922 

Cecil 

75 

25 

1923 


80 

20 

1924 


67 

33 

1922 

Charles 

98 

9 

1923 


90 

10 

1924 


45.2 

54.8 

1922 

Charles 

95 

5 

1923 


93.7 

6.3 

1924 


56.8 

44.2 

1921 

Carroll 

85 

15 

1922 


80 

20 

1923 


70 

30 

1924 


50 

50 

1922 

St. Mary^s 

93 

7 

1923 


70 

30 

1924 


58 

42 

1921 

Worcester 

95 

5 

1922 


80 

20 

1923 


75 

25 

1924 


3 

97 


changes in the plant parts closely resemble the phenomena which develop 
in the plants growing in fields under conditions favorable to the root rots.’’ 
They also concluded that ''corn plants showed marked differences in the 
quantities of aluminum and iron salts which are absorbed by them” and 
"these differences develop when the salts of iron and aluminum are avail- 
able in subtoxie concentrations in the soil.” These differences "are be- 
lieved to be due to specific selective capacities of different plants to absorb 
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available al-aminum and iron salts from the soilC’ They state that ''re- ^ 
sistance to* the root rots in corn plants can be defined, first, by the respective " 
abilities (inherited) of the plant to absorb materials present in the soil 
solution, and, second, by the relative concentrations of deleterious ions pre- 
sented to the roots in soil solution^’ 

Holbert, Burlison, Koehler, Woodworth, and Duncan (6) state that 
''there is much variation in color and in intensity of color of cob interiors 
either when viewed in cross-section after the cobs have been broken or 
when viewed in longitudinal section after they have been sawed longitu- 
dinally. Interior cob-coloring variations prevail in most open-pollinated 
strains of corn, even in those that have been selected rather closely for 
several years. It seems probable in many cases that red, pink, and brown 
colorings in the shank are due simply to lodgment in the shank attachment 
of the same pigment found in the vascular cylinder of the co*b, and do not 
indicate infection. Hence, in observing the nature of the shank attachment 
for the selection of seed, it is very important to distinguish between normal 
colorations and discolorations resulting from decayed tissues. In describ- 
ing a plate^ in which internal cob-discoloration is illustrated, they state 
that ^4n the coloring of the interior of the cob, considerable natural varia- 
tion occurs. In some cases the coloration extends to the point of attachment 
between the cob and shank, and thus gives the shank attachment a pink 
or brown appearance. In such cases the pink or brown shanks are nor- 
mal.” Thus they seem to be of the opinion that the internal cob -discolora- 
tions are normal when they do not result from infection and when they 
extend to the point of attachment between the cob and shank. Since the 
vascular system in the cob is a continuation of the vascular system in the 
shank, the internal discolorations which extend to the point of attachment 
between the cob and shank would seem to be caused by the same iron and 
aluminum compounds as those described by Hotfer and Carr (5). Accord- 
ing to Holbert et al (6), the internal discolorations which do not extend 
to the point of attachment between the cob and shank result from infection 
by various organisms. If these conclusions are correct, internal discolora- 
tions resulting from both causes are being discarded by the Maryland 
method of chopping off the butts and tips and examining the interior of 
the cob at both ends. 

In some of our tests, the symptoms attributed by several investigators 
to the root, ear, and stalk rot diseases, such as small and less vigorous plants, 
fallen and broken stalks, uneven stand, premature death, broken shanks, 
etc., were less pronounced in the plot grown from ears with least internal 
cob-discoloration than in the plots grown from ears with most internal cob- 


2 Plate V, page 378. 
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discoloration. This is yery well illustrated by one test made in Harford 
County, where 248 down stalks were found in 400 hills in the plot grown 
from seed produced on ears with the most internal cob-discoloration; 
whereas only 64 down stalks in 400 hills were found in the plot grown 
from seed produced on ears with the least internal cob-discoloration. 
Similar conditions were observed in many other tests. 

On a farm in Cecil County, a strain of yellow dent corn was found in 
w^hich approximately 75 per cent of the ears were practically free from 
internal cob-discoloration. It has other desirable qualities, among which 
are a medium-sized cob and grain of a deep yellow color. This strain of 
corn has been planted in various parts of the state. In most places it has 
produced a uniform stand relatively free from fallen and broken stalks. 
In almost every case where it has been tested, the yield from this strain 
has been greater than the yield from the local variety planted in the same 
field. 

SUMMARY 

The results of 90 tests conducted over a period of four years seem to 
indicate the following : 

1. The yield from seed corn on cobs free from internal discoloration is 
greater than the yield from seed corn on cobs with internal discoloration, 
provided other conditions are similar. 

2. This difference in yield is greater on poorer corn land than it is on 
good corn land. 

3. The differences in yield vary with the intensity of internal cob- 
discoloration ; the slighter the internal discoloration, the greater the yield. 

4. Internal cob-discoloration can be decreased by selection. It has 
been eliminated almost entirely in four years, by planting each year seed 
of ears free from internal cob-discoloration. 

5. Corn grown from ears with the least internal cob-discoloration seems 
to have a more uniform stand, a smaller number of fallen and broken stalks, 
and fewer prematurely killed plants than corn grown from ears with the 
greatest amount of internal cob-discoloration. 

University OP Maryland, 

College Park, Maryland. 
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BLOSSOM BLIGHT OF THE PEACH 


John W. Egberts and John C. Dtjnegan 

The brown rot disease of the peach caused by Sclerotinia cinerea (Bon.) 
Schrot, is, as its name suggests, best known as a rot which occurs on the 
ripe or nearly ripe fruit. There are, however, other manifestations of 
the disease, of which the most prominent is the form known as blossom 
blight, readily recognized by a withering of the blossoms and the produc- 
tion cf conidial tufts on the diseased floral parts. 

In central Georgia, blossom blight frequently causes severe damage, 
not so much by reducing the set of fruit as by establishing numerous sources 
of infection in the orchard, which later make it extremely difficult to pre- 
vent the fruit from rotting. Since the blighted blossoms frequently adhere 
to the twigs until after the fruit ripens, producing immense numbers of 
conidia during periods of rainy weather, they become a direct menace to 
the maturing fruit. 

In other regions, such as parts of Delaware and the eastern shore of 
Maryland, the blighted blossoms are often so numerous as to curtail appre- 
ciably the size of the crop; but, under Georgia conditions, direct loss from 
this phase of the trouble is of infrequent occurrence. 

That S, cinerea can produce blossom blight on peach trees has been 
known for many years. Smith (10, 11), in 1889, was among the first to 
mention the destruction of peach blossoms by this fungus. Since that 
time, Quaint ance (8), Scott and Ayres (9), Jehle (4), McCubbin (6), 
Cook (2), McClintock (5), and many others have discussed blossom-blight 
cf the peach, both as a destroyer of blossoms and in relation to the subse- 
quent infection of the twigs and fruit. 

Previous to Norton ^s (7) demonstration of the existence of the ascogen- 
ous stage of the fungus it was generally believed that infection of blossoms 
was due to conidia, although Smith (11) had pointed out that it was hard 
to understand how there could be a severe outbreak of blossom blight after 
a year in which there had been no brown rot of the fruit and no twig blight 
to transmit the disease. Since the publication of Norton’s investigations, 
it has been generally assumed that ascospores are the principal source of 
infection of the blossoms, because they are usually produced in large num- 
bers during the flowering period cf the peach. Cook (2), however, reports 
severe cases of blossom-blight in orchards practically free from mummied 
fruit. He considers the infections to be related to the presence of cankers 
on the twigs. Scott and Ayres (9) state: These ascospores, as well as 
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the conidia, serve to infect the blossoms/ ’ McClintock (5) produced char- 
acteristic blight by spraying peach blossoms with water containing sus- 
pended conidia obtained from mummied fruits. The inoculated blossoms 
were then covered with paper bags. McClintock worked with trees grow- 
ing out of doors, and apparently no controls were used. 

Experiments also have been made to determine the stage at which peach 
blossoms are most subject to infection and the most susceptible parts of 
the flower. Jehle (4) states: ''Infection seemed to begin at the calyx or 
shuck and spread from there into the stamens and pistil, accompanied by 
a withering and browning of the diseased portion. Sometimes only the 
shuck becomes diseased and this is then shed without further injury to 
the pistil, but usually the entire flower becomes infected . . Me Cub- 

bin (6) observed infected calyces of peach blossoms. Barss (1), in a 
discussion of blossom blight of stone fruits, states: "Petals or calyx lobes 
and likewise the stigmas of the flower are very subject to infection. The 
first sign is a small brown spot on the petal, calyx lobe, or tip of the pistil. 
This discoloration spreads rapidly if the weather continues moist. The 
disea'^e eventually kills the parts attacked and begins to invade the base 
of the flower, which then turns dark.^’ 

The experiments reported upon in this paper were made chiefly for 
the purpose of determining the susceptibility of blossoms to infection 
by conidia and ascospores and the relative susceptibility of the different 
parts of the flower. The experiments by the senior author were made at 
Washington, D. C., and those by the junior author at Fort Valley, Georgia. 

EXPERIMENTS AT WASHINGTON, D. C. 

For the experiments reported upon here, the apothecia of S. cinerea and 
the peach branches bearing blossoms were obtained from Arlington Farm, 
Virginia, in the spring of 1924. In all cases the conidia were from cul- 
tures grown on four per cent potato agar, the same physiologic form being 
used throughout. This particular physiologic form, obtained from a single 
aseospore produced in an apothecium from a mummified plum, grows very 
rapidly and produces conidia more readily than any other grown by the 
senior author. The ascospores and conidia respectively were applied to 
the blossoms in watery suspension by means of an atomizer, except that, in 
the experiments of April 16, additional ascospores were applied by expos- 
ing the blossoms to a cloud of them expelled directly from apothecia. The 
control branches were sprayed with distilled water only. In all experi- 
ments there were three lots, receiving different treatments and kept sepa- 
rate under individual bell jars : 
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Lot 1. Sprayed with aseospores suspended in distilled water. 

Lot 2. Sprayed with conidia suspended in distilled water. 

Lot 3. Control. Sprayed with distilled water. 

In each experiment the branches were cut in the orchard and brought 
into the laboratory before the blossoms had opened. Inoculations were 
made in the laboratony when nearly all the blossoms had opened. It was 
believed that the chances of accidental infection would be much less than 
when the branches with opened blossoms were taken directly from the 
orchard. At any rate, as shown by the results, there was little or no acci- 
dental infection. The number of blossoms in each lot varied from 39 to 215. 

For the first and second experiments begun on April 12, branches of 
peach seedlings were used. For the third and fourth experiments, begun 
on April 15 and 16 respectively, branches of the Carman variety, the blos- 
soms of which are moderately susceptible to the blight, were used. The 
results of these experiments are shown in table 1. 

TABLE 1. — The results of inoculaUng hlossoms of peach seedlmgs and hlossoms of the 
variety Carman with Sclerotinia cinerea at W ashington, D. C., in 19^4 


Lot 

Inoculum 

Percentage of blossoms blighted after 4-5 days 

Experiment 1 
(seedling) 

Experiment 2 
‘ (seedling) 

Experiment 3 
(Carman) 

Experiment 4 
(Carman) 

1 

Aseospores sus- 
pended in dis- 
tilled water 

10 

0 

93 

88 

2 

Conidia suspend- 
ed in distilled 
water 

40 

20 

90 

56 

3 

Control, distilled 
water 

0 

0 

0 

0 


All the blighted blossoms bore an abundance of the conidia of S. cinerea^ 
All the blossoms of lot 3 (the controls) in all the experiments remained 
normal to the end except for the falling of a few petals. In lots 1 and 2, 
only those which were well opened were attacked by the fungus. In ex- 
periments 1 and 2, the infections were mainly on the stamens and pistils, 
the anthers and stigmas being the first to show the blight and the first to- 
show production of conidia. These parts of the young blossoms, being rather 
closely pressed together, retained for some time the water in which the 
conidia or aseospores were suspended. Opened anthers seemed very sus- 
ceptible. In subsequent experiments, all parts appeared about equally 
susceptible, the sepals and petals as well as the stamens and pistils being 
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literally covered with eonidia in the few days allotted to the experiments. 
The differences in the results of the earlier and the later experiments may 
have been purely accidental, but in the later experiments the blossoms 
were more widely opened and received the suspensions of ascospcres and 
eonidia more directly upon their inner surfaces. 

On drying, blighted blossoms with uninfected peduncles fell off, but 
those with infected peduncles adhered tightly to the twigs as under natural 
conditions in the orchard. 

The inoculation experiments, show that at a moderate temperature 
(25° C.), and under conditions of extreme moisture, only a few days are 
required for the development of blossom blight. In 48 hours small brown 
spots began to appear on the various parts, and the formation of eonidia 
followed very closely. Blossoms only partly opened were not easily in- 
fected, and those escaping infection after being inoculated were usually 
in this condition. The presence of eonidia on the blighted parts made 
reisolation of the fungus seem a useless procedure, but it was performed 
for each lot inoculated. 

EXPERIMENTS AT PORT VALLEY, GEORGIA 

Ascospores of 8. cinerea from fresh apothecia and peach branches bear- 
ing blossoms were obtained from orchards in the immediate vicinity of 
Fort Valley. 

Conidia were obtained by flooding with sterile water young cultures of 
the fungus isolated from a peach and growing on potato dextrose agar. 
The conidia were collected by centrifuging the water suspension and were 
applied directly to the stigmas with a platinum loop, or the water suspen- 
sion was sprayed on the blossoms with an atomizer. 

Ascospores were secured by crushing the mature apothecia in sterile 
water. The ascospores were obtained from the crushed material in water 
by centrifuging and were applied directly to- the stigmas with a platinum 
loop, or the water suspension was sprayed on the blossoms with an atomizer. 

Sterile water was either applied with a platinum loop directly to the 
stigmas of the blossoms used as checks or was sprayed onto* all parts. 

The twigs bearing the inoculated blossoms and the checks were placed 
in individual moist chambers to provide conditions favorable to the develop- 
ment of the fungus. 

The experiments of 1924 were conducted with the varieties Hiley and 
Uneeda. The blossoms were inoculated on the stigmas only. Typical blos- 
som blight developed on both of these varieties following inoculation of 
the stigmas with either eonidia or ascospores. The first signs appeared on 
the stigma, but infection progressed rapidly down the style and finally 
involved the whole blossom. The anthers and sepals seemed to be slightly 
more susceptible than the petals, but abundant spore tufts were finally 
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produced on all the floral parts. Occasionally the fungus continued down- 
ward through the peduncle and formed small cankers on the twigs. When 
this occurred, the blossoms adhered to the twigs as under natural condi- 
tions in the orchard. 

The check blossoms remained normal in practically all cases, save for 
the dropping of the petals. The few that developed blight were believed 
to have received chance infections prior to their removal from the orchard. 

Symptoms typical of blossom blight as found in the orchard were pro- 
duced repeatedly as the result of stigma inoculations with conidia and asco- 
spores. However, since the two kinds of spores may settle on any part of 
the blossom under natural conditions in the orchard, additional inocula- 
tions were made in 1925 by spraying all parts of the blossoms with a water 
suspension of the spores. 

TABLE 2. — The results of inoeulatiug hlossoms of the peach varieties, Carman and 
TJneeda, with Salerotinia cinerea at Fort Valley, Georgia, in 19B5 


' 


Percentage of blossoms blighted after 5-6 days 

Lot 

Inoculum 

Experiment 1 
(Carman) 

Experiment 2 
(Uneeda) 

1 

Ascospores suspended 
in distilled water. 

• 61 

— 

2 

Conidia suspended in 
distilled water. 

93 

93 

3 

i Control, distilled 
water. 

i 1 

0 

0 



The first experiment was started on March 9, and the second on March 
14, 1925. For the first experiment, twigs of the variety Carman bearing 
open blossoms were selected from an orchard in which no apothecia could 
be found. For the second experiment, blossoms of Uneeda, a variety quite 
susceptible to the disease as it occurs in the orchard, were used. Twigs 
bearing open blossoms and numerous buds had been brought to- the labora- 
tory on the 10th and all the open blossoms removed. By March 14 a num- 
ber of the buds had opened in the laboratory. Only conidia were used in 
this experiment, as apothecia with viable ascospores were no longer avail- 
able. 

For the first experiment, the twigs were divided into three lots and 
treated as follows: 

Lot 1. Sprayed with a suspension of ascospores in distilled water. 

Lot 2. Sprayed with a suspension of conidia in distilled water. 

Lot 3. Control. Sprayed with distilled water. 
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In the second experiment lot 1 was of course omitted. The number of 
blossoms in each lot varied from 88 to- 129. 

The twigs standing in jars of Water were placed in individual iceless 
refrigerators as devised by Hunt (3). The results of these experiments 
are shown in table 2. 

The stamens, anthers and sepals were in most cases covered with conidial 
tufts. The petals and stigmas, while they were quite susceptible, did not 
seem to serve as a locus for conidial production as readily as the other 
parts. The anthers were particularly susceptible. 

CONCLUSIONS 

The inoculation experiments reported here indicate that both ascospores 
and conidia can infect any part of the peach flower, each possessing about 
the same degree of pathogenicity. As either or both may be present when 
peaches are in blossom, they are both to be regarded as dangerous, and 
pathologists should consider the prevalence of both in relation to the disease. 

SUMMARY 

Inoculation experiments carried on at Washington, D. C., and Fort 
Valley, Georgia, show that the conidia and the ascospores of Sclerotima 
cinerea (Bon.) Schrot. are capable of causing a blossom blight of the peach. 

All parts of the open blossoms may be attacked. Direct infections of 
the stigmas, anthers, petals, and inner surfaces of the sepals were observed. 

It is concluded that either ascospores or conidia, or both, may be respon- 
sible for outbreaks of blossom blight in peach orchards. 

Office op Fruit Disease Investigations, 

Bureau op Plant Industry, 

Washington, D. C. 
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THE DISTEIBUTION OP GRANBERKY FALSE BLOSSOM 


Neil E . S t b v e n s and W . H . S a w y e r , J r. 

The economic importance of ''false blossom’’ of the cranberry {Yac- 
cinium macrocar pimi) has made necessary a careful field study of the dis- 
ease for the purpose of discovering possible resistant varieties; or conditions 
of culture under which the severity of the disease had been reduced. This 
survey has yielded some interesting additions to our knowledge of the pres- 
ent distribution and manner of spread of the disease. This paper sum- 
marizes the available knowledge of the distribution of false blossom and 
contains information obtained since the last publication on the subject, to 
which reference may be made for citations of the literature on this disease.^ 

The cause of false blossom has not been determined. Most of those who 
are now actively studying cranberry disease problems in the field, however, 
have come to agree that it behaves like an infectious disease ; and the present 
writers are much more concerned with its control than with its cause. 

THE DISTRIBUTION OF FALSE BLOSSOM IN NEW ENGLAND 

In the Cape Cod region of Massachusetts, false blossom is now known to 
occur on 52 bogs. The diseased bogs are largely in Plymouth County. 
On at least six of them the disease first was found on vines brought from 
Wisconsin. A surprising number of the remaining bogs which now show 
false blossom are known to have been planted, at least in part, with vines 
from bogs on which the disease had already become established. Many of 
these originally diseased bogs contained at one time either Wisconsin vines 
or vines of the Massachusetts variety, variously known as Holliston, Baehel- 
dor, Mammoth, and Small’s Number One. The last-named variety seems 
to be very susceptible to false blossom and is generally diseased wherever 
found in Plymouth County. No false blossom could be found, however, in 
the original plantings of this variety in the town of Holliston, which led' 
Dr. Franklin^ to suggest that at least some of the vines which are called 
Hollistons on Cape Cod might really be Bennetts, a Wisconsin variety. 
Support; is given to this theory by the fact that the two varieties are 
so similar in appearance that we are not yet able to distinguish them, and 
by the fact that Emulous Small, who was one of the most active Cape Cod 

1 Stevens, Neil E. Field observations on false blossom of the cultivated cranberry. 

Phytopath. 15: 85-91. 1925. 

2 Franklin, H. J. Report of the cranberry station for 1919' and 1920. Mass. Agr. 

Exp. Sta., Bui. 206: 149-168. 1921. 
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growers in introducing and distributing Holliston vines, was a life member 
of the Wisconsin Cranberry Growers' Association and an intimate friend 
of at least one Wisconsin grower. To present in detail the information 
which has been accumulated on the spread of this disease from bog to bog 
in Massachusetts would occupy too much space. One or two examples may, 
however; be given. 

Outside Plymouth County, a severe infection of false blossom on the 
Howes variety was found recently by Dr. Franklin on a bog near New 
Bedford, in Bristol County. The vines for planting this bog came from a 
diseased bog near Bast Wareham, Mass. In Chatham, Barnstable County, 
Dr. Franklin also found scattered vines affected with false blossom on one 
bog planted with a local variety, Smiths, and with Howes ; but a part of 
the Howes proved to have come from a small bog which in turn had been 
planted from a diseased bog in Carver. Careful search on other bogs in the 
neighborhood, containing the Smith variety, as well as other varieties, failed 
to show any false blossom. As yet false blossom has not been found on any 
of the small bogs of the ^ Gower cape" (Barnstable County) which are 
planted wholly to local varieties. 

Genuine '^wild bogs" are now rare in the Cape Cod region, but they 
are fairly common in Maine and New Hampshire. Careful search on many 
of these wild bogs, whenever opportunity offered during the past five or 
six years, has failed to show any false blossom on any wild bog in this re- 
gion. This is in striking contrast to the distribution of the fungous diseases 
of the cranberry. Many of these diseases are very widely distributed on 
wild bogs. Such fruit-rot fungi as Fmicoccum putrefaciens Shear, for 
example, have been found in cranberries gathered on wild bogs in northern 
Maine, and in mountain cranberries (V. viiis-ideae) from several remote 
localities. Eose bloom {Exdbasidium oxycocci Eost) is also widely distrib- 
uted on cranberries throughout this region and was found several years ago 
by Dr. Shear on a tiny patch of V, oxycoccus near Lake of the Clouds, only 
a little over a mile from the summit of Mount Washington in New Hamp- 
shire, False blossom has not yet been found on cranberries in either New" 
Brunswick or Nova Scotia, Canada, although there are cultivated bogs in the 
latter province. The absence of false blossom on wild bogs in New England 
and the adjacent parts of Canada, together with the fact that in many cases 
the infection is known to have come from bogs already diseased, suggests 
that false blossom is not native in the region but wms introduced from 
Wisconsin. 

DISTRIBUTION OF FALSE BLOSSOM IN NEW JERSEY 

Our knowledge of the occurrence of false blossom is less complete in New 
Jersey than in New England. Through the generous assistance of Mr. C. 
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S. Beckwith, of the New Jersey Experiment Station, one of the writers has 
been able to make a fairly satisfactory study of bogs in different regions of 
this State, and the information thus obtained seems to justify the following 
statement concerning conditions in New Jersey. False blossom is widely 
distributed in New Jersey, though only in a very few cases has it become 
markedly destructive. It was found on almost every bog containing Howes, 
the most commonly planted variety which comes from outside the state. 
Unlike Cape Cod, New Jersey has large areas of native, more or less mixed 
vines, some of which are cultivated and some wild. False blossom is very 
rare on such bogs. In fact, although ''Native Jerseys” have proved very 
susceptible to false blossom on certain bogs where they were grown close to 
infected Howes or Hollistons, false blossom has not yet been found on any 
bog containing only Native Jerseys. 

On at least three bogs on which false blossom now exists, vines from 
diseased bogs are known to have been planted. In one case the diseased 
vines had come from Wisconsin, and in two cases from Massachusetts. The 
fact that false blossom is widely distributed in New Jersey on vines of 
Massachusetts or Wisconsin varieties, but is unknown on "Jersey” vines 
except where these are planted near introduced varieties, seems best ac- 
counted for by the supposition that the disease is not native in New Jersey 
but was introduced both from Massachusetts and Wisconsin. 

THE FALSE BLOSSOM SITUATION IN WISCONSIN 

In the course of a survey of false blossom distribution in Wisconsin dur- 
ing the summer of 1925, the disease was found on 48 of the 61 cultivated 
bogs® examined. Of these, at least 20 have infections severe enough to 
materially affect the crop. It probably occurs on other bogs where it was 
not found. 

False blossom is believed by some of the older growers to have been pres- 
ent in the State at least as early as 1885. It did not, however, receive seri- 
ous attention as a disease until many years later. About 1900 a considerable 
planting was made in the Mather district of three varieties of vines from 
the Berlin region, namely, Palmeter, Bell and Bugle, and Metallic Bell. By 
1906 false blossom had become prevalent in these varieties, and since then 
it has become so severe that their cultivation has been materially reduced. 
Contrary to the general belief that false blossom is on the wane in Wiscon- 
sin, a careful comparison of the same varieties on the same bogs over a period 
of five years seems to show an increase in the amount of disease in 1925 over- 
previous years. The apparent decline of the disease may well be due, not 

3 Cultivated areas of cranberries, wbicb in other cranberry sections are known as* 
hogs, are in Wisconsin generally referred to as marshes. We are here using the shortei' 
word for the sake of uniformity. 
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to an actual decrease of false blossom on individual bogs, but to the fact 
that the most susceptible varieties are being replaced by those which are 
more resistant. 

The severity of false blossom in the Mather district on varieties brought 
from near Berlin, Wisconsin, has given rise to the general belief that it was 
introduced into the Mather region on the Berlin vines. It is perhaps even 
more probable that the disease was already present in or near Mather and 
that the Berlin vines proved particularly susceptible. The observations in 
1925 show at least that false blossom is less common in the Berlin region 
than in any other eranberry district of Wisconsin. It is probably signifi- 
cant that false blossom is more widely distributed in Wisconsin than in any 
other cranberry-growing state. Even more significant is the occurrence in 
Wisconsin of this disease on wild eranberry vines remote from cultivated 
bogs. 

FALSE BLOSSOM ON WILD BOGS IN WISCONSIN 

Wild eranberry vines are now very few in the Mather and Cranmoor 
regions apparently owing to the fact that drainage operations which have 
dried out the bogs have been followed by fires which destroyed the vines. 
In the northern part of the State, however, wild cranberry bogs may still 
be found. The time available for field work permitted the examination of 
but few of these wild bogs. Nevertheless, on two of them northwest of 
Spooner, false blossom was found in abundance. One is three miles and 
the other eight miles from a cultivated bog, and both are over two hundred 
miles from the region where false blossom is abundant on cultivated bogs. 
Indeed the disease was introduced into the nearest cultivated bog by dis- 
eased plants taken from one of these wild bogs. It seems impossible, then, 
for the disease to have been introduced into these wild bogs from cultivated 
ones. The only reasonable assumption is that it is indigenous. 

CONDITIONS ON THE PACIFIC COAST 

In Oregon, where the eranberry plantings were made largely with Wis- 
consin vines, false blossom is present on practically all the bogs. It is not 
serious, however, in this region, Mr. H, P. Bain, who has been studying 
cranberry diseases in Oregon and Washington for the last four years, is of 
the opinion that false blossom does not spread, or at least spreads very 
slowly, in that region ; while Dr. Shear, who examined most of the Oregon 
bogs for false blossom in 1919 and again in 1924, reports a decrease during 
that period in the amount of the disease on the bogs observed. In Wash- 
ington, false blossom is known to occur on only one bog. This was planted 
with vines from Wisconsin. The absence of false blossom on other bogs in 
Washington may be due in part to the fact that the disease seems to spread 
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very slowly in the Columbia River region, and also to the fact that a large 
part of the vines are MeFarlins, a variety resistant to false blossom. 


VARIETAL RESISTANCE TO FALSE BLOSSOM 

As previously reported, there is no generally grown variety of cranber- 
ries which is free from false blossom. There is, however, a difference in 
the severity of the disease on different varieties. In ‘Wisconsin, Palmeter, 
Bell and Bugle, Metallic Bell, Bennet Jumbo, Prolific (a Michigan variety) , 
and the Mammoth (a Massachusetts variety, there called Holliston) have 
proved generally susceptible. The Searls is usually free from false blossom 
in the Cranmoor district. In the Mather region, however, and near Minong, 
Wisconsin, there are some very severe infections on this variety. The Searls 
has proved very susceptible to false blossom also when planted in Massa- 
chusetts. The McParlin, however, while occasionally attacked by false blos- 
som, has proved the most highly resistant of any variety, both in Massa- 
chusetts and Wisconsin. 


At present, the most promising control method seems to be the regular 
spring and fall flooding of the bogs combined with general good culture. 
With this should go the elimination of the most highly susceptible varieties, 
and the planting of MeFarlins in badly diseased areas on bogs where ex- 
perience has demonstrated that this variety can be grown to advantage. 

A promising means of control which is now being tried in Wisconsin, 
and the progress of which will be followed with interest, is the practice of 
holding the winter flowage very late (about July 1) for a year or two. 

SUMMARY 

False blossom of the cranberry has been found in Wisconsin on wild 
vines remote from cultivated bogs. It has not yet been found on wild vines 
in any other cranberry-growing region. The disease is also more generally 
distributed on cultivated cranberries in Wisconsin than in any other State. 

The distribution of false blossom in New England and on the Pacific 
Coast seems to indicate that it was introduced into those regions by means 
of diseased vines brought from Wisconsin. 

The disease apparently was introduced into New Jersey on diseased vines 
both from Massachusetts and Wisconsin. 

The information now available suggests that false blossom first occurred 
in the United States on cranberries in Wisconsin and from there was spread 
to other cranberry-growing regions in shipments of diseased vines. 

Bureau of Plant Industry, 

Washington, D. C. 





RELATION OF STRAWBERRY FRUIT ROTS TO WEATHER 
CONDITIONS IN THE FIELD 

B E A N H. R 0 S E 

In an earlier paper^ the writer presented the results of a two years ’ study 
of leather rot of strawberry fruits caused by a fungus apparently identical 
with Phytophthora cactorum Leb. et Cohn. The chief conclusion therein 
drawn, aside from that relative to the cause of the disease, was ' ' that there 
is a close relation between leather rot and rainfall and that, in the region 
studied, the rot can be expected to reach a maximum within three to four 
days after heavy rains.’’ The further statement was made that '' tempera- 
ture is important also, but its effect can not be determined without further 
study.” 

These conclusions were based on work done chiefly at Beebe, Arkansas, 
during the season of 1923. It is worth reporting, therefore, how they agree 
with those to be drawn from work done (also at Beebe, Ark.) during the 
picking season of 1924, especially since it has not been possible to continue 
the work in 1925. 

Results obtained during 1923 and 1924, together with temperature and 
rainfall records, are summarized in tables 1 and 2, and shown graphically 
in figure 1. Weather notes are given in table 3. 

The methods used during the second year’s work were the same as those 


TABLE 1 . — Percentages of leather rot, other rots, and total rot m strawberries %bseai 
in holding tests, on first day after removal from storage, Beebe, ArTc., 19B4 



Dates of picking; May, 1924 

Kind 

of 

rot 

7 

8 

9 

12 

14 

17 

19 

21 I 

23 

24 

26 

27 

28 

29 

30 


Percentage of Rot 

Leather 

rot 











3.0 

0.7 

0.5 

1.9 

0.3 

Other 

rots 











0.6 

2.7 

2.3 

10.6 

1.2 

Total 

rot 

0.7 

0.9 

o 

o 

0.8 

0.4 

0.‘2 

0.4 

0.0 

0.1 

1.8 

3.6 

3.4 

2.8 

12.5 

1.5 


iRose, Dean H. Leather rot of strawberries. Jour. Agr. Res. 28: 357-375. 1924. 
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described in the earlier paper. Berries from the various experimental plots 
or from other fields around Beebe were held in the local cold storage plant 
for four days, then taken out, hand sorted, and counts made to determine 
the number of sound berries, the kinds of rot present, and the percentage 
of each. Since the percentages were not large at any time, and there were 
no observable differences among the various plots, the data from the ex- 
perimental field are reported for the field as a whole and not for each plot 
separately. As in the earlier report, the percentage of rot is recorded 
(Table 1 and Pig. 1) for the day on which the picking was made, although 
it was not determined until four days later. Berries used from May 7 to 
23 were of the Klondike variety ; those used from May 24 to 30 were of the 
Aroma variety. 






Pig. 1. A. Percentage of rot found, immediately after removal from storage, in various 
lots of strawberries held for four days at a temperature of 40-45° F. Percentages are 
entered for the day on which the berries were picked. B. Daily rainfall in inches. 
C, Daily maximum and minimum temperatures recorded at Beebe, Arkansas, by means 
of standard apparatus loaned by the United States Weather Bureau. Period covered, 
April 26 to May 31, 1924. 

In 1924 there was almost no rot of any sort except during the last few 
days of May, when leather rot and other rots, chiefly Rhizoctonia rot, began 
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to appear in the field and in the packed fruit; even on these dates the per- 
centages were very much lower than those reported for a large part of the 
1923 season. It will be noted, however, that in 1923 the rainy periods 
during the picking season were followed by warm weather, while in 1924 
all of the rains, with the exception of those on May 24 and 26, were followed 
by relatively cool weather. Therefore the inference seems justified that, in 
the region studied, rot of strawberries in the field (enlarging the earlier 
statement so as to cover leather rot and all other rots) is dependent upon 
two factors, rainfall and temperature. If rains are followed by cool 
weather, there is less danger of rot; if followed by warm weather, rot is 
likely to be serious. This conclusion is practically that arrived at on the 
basis of the earlier work, except that it includes a more definite and better 
documented statement on the relation of temperature to the incidence of 
rot. On one point the data for 1924 are less clear than those for 1923. 


TABLE 2.— Daily temperatures and rainfall, April to May SI, 1924, at Beehe, Arh. 


Date 

Temperature in 
degrees F. 

Rainfall 
in inclies 

Date 

Temperature in 
degrees F. 

Rainfall 

Maxi- 

mum 

Mini- 

mum 

Maxi- 

mum 

Mini- 

mum 

in inches 

1924 

April 26...... 

73 

61 

0 

. May 14 

75 

56 

0 

27 

67 

60 

QO 

15 

72 

53 

0 

28 

77 

52 

0 

16 

79 

49 

0 

29 

64 

58 

2.49 

17 

80 

53 

0 

30 

67 

52 

0 

18 

84 

60 

0 

May 1..... 

72 

50 

0 

19 

87 

62 

0 

2 

75 

48 

0 

20. 

85 

62 

1.45 

3 

83 

51 

0 

21 

70 

58 

0 

4 

87 

60 

0 

22 

75 

51 

0 

5...... 

84 

58 

0 

23 

84 

56 

0 

6 

83 

62 

0 

24...... 

70 

56 

.9 

7 

72 

63 

.53 

25...... 

77 

50 

0 

8 ...... 

64 

50 

0 

26 

74 

54 

1.39 

9. 

68 

46 

0 

27 

83 

65 

0 

10 

59 

49 


28 

86 

66 

.88 

11 

71 

40 

0 

29...... 

83 

68 

0 

12 ...... 

73 

47 

0 

30. 

67 

56 

0 

13. 

82 

51 

0 

31. 

74 

53 

0 


There seems to be a lag in the appearance of rot following the rains late, in 
May, but it is not so clearly defined as during the period May 14-18, 1923. ^ ' 
At no time in 1924 was leather rot as serious, compared with other rots, 
as it had been in 1923. 
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TABLE 3 . — Weather notes, Beebe, ArTc., from April S6 to May SI, inclusive, 1924. 
April 26 — Cloudy May 14 — Clear 


27— Cloudy and rain 

15 — Partly cloudy 

28 — Cloudy 

16 — Partly cloudy 

1— Clear 

17 — Hazy 

2— Clear 

18 — Clear 

3— Clear 

19— Clear 

4- — Clear 

20— Cloudy 

5 — Clear 

21— Cloudy 

6 — Cloudy 

22 — Clear 

7 — ^Rain 

23 — Cloudy 

8 — Cloudy 

24 — Partly cloudy 

9— Cloudy 

25— Clear 

10 — Cloudy 

26 — Cloudy 

11— Clear 

27— Clear 

12 — ^Partly cloudy 

28 — Cloudy 

13 — Cloudy 

29 — Partly cloudy 

30 — Clear 

31 — Cloudy a. m. 


Office op Fruit Disease Investigations, 
Bureau op Plant Industry, 
Washington, D. C. 
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International Problems in Plant Pathology : An Invitation. — The forth- 
coming International Congress of Plant ScieneeS (Ponrtli; International 
Botanical Congress) is to he held at Cornell University, Ithaca, New York, 
U. S. A., from August 16 to 23, 1926. Invitations are being issued to all 
plant workers in the world to attend. The, Congress will be divided into 
about twelve separate sections for the presentation of papers and the trans- 
action of business of interest to the section. Plant Pathologists (the word 
is used in the restricted, or American sense) will organize in Section J. A 
formal program of invitation papers is being arranged. Ample time will 
be reserved for round-table discussions, field trips, exhibitions, etc. 

Although it has been decided that no international legislation will be 
enacted at this congress, there will be opportunity in Section J (and doubt- 
less in other sections as well) for the presentation of ' proposals ’ ’ for the 
consideration of the Secfion. Any person who wishes to make a proposal 
relative to any phase of plant pathology is invited to observe the following 
points: 

The proposal should deal with a problem of international significance; 
it should be brief and concise; an oral or written argument should be pre- 
pared in advance; an abstract of not to exceed 500 words should be sub- 
mitted to the Secretary not later than May 1, 1926. Proposals may be 
admitted to the program after May 1, only on condition that the author 
prepare an abstract in replica of about 100 copies in at least three languages. 

The secretary for Section J is Donald Reddick, College of Agriculture, 
Ithaca, New York, U. S. A,, to whom all communications regarding the 
business of the Section should be addressed. 

A Simple Method of Inoculating Potatoes with the Spindle-tuber Disease. 
— A simple modification of the tuber graft method, by which an average of 
90 per cent infection has regularly been obtained, with spindle-tuber, has 
been found very advantageous. The same method also has been used with 
mosaic and leaf roll. A cork borer of 8-10, mm. in diameter is used to bore 
a hole through a healthy seed piece, and the core of tissue from an infected 
tuber obtained with a slightly larger cork borer is forced into the hole. Per- 
fect contact of a relatively large surface is thus obtained, and inoculations 
can be made rapidly, three inoculated and one cheek plant usually being 
obtained from a healthy tuber. Double inoculations also can be made easily. 
The disease appears early, and the new tubers have distinct symptoms. — 
R. W. Goss, Nebraska Agricultural Experiment Station, Lincoln, Neb. 
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Verticillmm Wilt of Tomatoes in California,— In the March, 1925, num- 
ber of Phytopathoi^ogy, Mary K. Bryan called attention to a wilt disease 
of tomatoes which occurs in northern Ohio and Erie County, Pa., and which 
she has proved to be due to a Verticillium — probably V, alho-atrum. Hers 
is the only reference in the literature of America to a Verticillium wilt dis- 
ease of tomatoes. She expressed the opinion that in regions where cool 
temperatures prevail this organism is responsible for much of the damage 
now attributed to Fnsarnmi vasinfectum^ since the symptoms of the wilts 
produced by the two organisms are identical. 

In the San Francisco Bay region, California, a very serious wilt disease 
of tomatoes has been found to be due to a species of Verticillium resembling 
V. alho-atrum. In October, 1924, this organism alone was found associated 
with wilted plants in tomato fields in which as many as 90 per cent of the 
plants were destroyed. The fungus was isolated and its pathenogenieity 
proved by successful inoculations on tomatoes in the greenhouse. 

The fungus has been found to be identical with the Verticillkim which 
causes the so-called black heart of stone fruits, .a widespread disease of 
considerable importance described in California by Czarnecki.^ 

It is also identical with the Verticillmm. which causes ^'blue stem” of 
bush fruits there, the Eanaree raspberry being particularly susceptible to 
attack. 

Single spore cultures of the Verticillium isolated from typical cases of 
blue stem of raspberry, black heart of apricot and peach, and wilt of toma- 
toes have been used to inoculate tomatoes. The fungus from each of these 
sources attacked tomato plants with equal readiness, and typical wilt s^^mp- 
toms were produced. The fungus was eventually recovered by the usual 
methods from a large number of plants used in the experiments. Passage 
of the fungus from these same sources through Myrobalan plum seedlings 
and young Ranaree raspberry plants has been accomplished. Typical wilt 
symptoms manifested by these plants were produeed, and the fungus wms 
recovered in a number of instances. 

Further discussion of the Verticillium wilt diseases of these economic 
plants in California is reserved for a later paper. — B. A. Rudolph, Uni- 
versity of California Deciduous Fruit Station, San Jose, Cal. 


Berheris fendleri, an Alternate Most of Puccinm graminis tritici, — Ber- 
heris fendleri Gray, the wild barberry, native to certain sections of the Rocky 
Mountains, for some time has been considered a host of two grass rusts. 
Arthur,^ in North American Flora, reports this species of barberry not only 

Studies on the so-called black heart disease of apricots. Phy- 
1923.." 

N, Amer. Flora 7: 295-330. 1920. 
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as a host of Puccmia montamnsis yhvit also lists it as an alternate host of 
P. graminis. However, no reported inoculation experiments give proof of 
this relationship, although Stakman and Levine^ found B. fendleri rusted 
with P. graminis at Highland Park, Eoehester, New York. Mains^ indi- 
cated some discrepancies in the relation of B. fendleri to P. montanensis 
which suggest a confusion with P. graminis. 

As B. fendleri is prevalent in sections of Colorado not far removed from 
cultivated areas, it seemed worth while to test its susceptibility to P. 
graminis tritici under controlled conditions. This led to the' inoculation of 
young, rapidly growing shoots of B. fendleri with sporidia of P. graminis 
iritioi. These sporidia were obtained from germinating teliospores borne 
on Ilordeum jubatum growing some 200 miles from any B. fendleri. The 
teliospores were germinated during the winter of 1924-25, and the sporidia 
sown on the B. fendleri shoots in the greenhouse. After inoculation, the 
plants were kept in a moist chamber for three days and then transferred 
to muslin-covered booths. Within seven days from the time of inoculation, 
profuse pycnial development was manifest, and in 21 days normal 
aecia developed in large numbers on the leaves. The infection was so ex- 
tensive that many of the leaves were killed. The character of the aecia and 
the spore measurements are those of P. graminis. Parallel inoculations on 
B. vulgaris were equally successful. 

Inoculations on Little Club wheat with the aeciospores produced profuse 
uredinial infection in eight days. The uredinia were large and confluent, 
and the spores were of the same size, shape, and pore arrangement as in 
P. graminis. No paraphyses were noted. 

This test, successively repeated, definitely places B. fendleri among the 
susceptible species of the genus Berheris, and indicates beyond doubt that 
this shrub can act as an alternate host for P. graminis tritici. — ^L. W. 
Durrell, Colorado Agricultural College, and E. A. Lungren, Office of 
Cereal Investigations, U. S. Dept. Agr. 

Similarity of Bacterial Diseases of Avocado, Lilac, and Citrus in Cali- 
fornia. — During the spring of 1925, a new bacterial blemish on the fruit of 
avocado (Guatemalan type) and a bacterial disease of the lilac were studied. 
These new diseases are apparently caused by Pseudomonas citriputeale, 
which causes the Citrus black pit and blast. This organism was first de- 
scribed as causing a depressed spot on lemons.*^ Later, Citrus blast was 

3 stakman, E. C., and M. N. Levine. A partial report on the susceptibility and 
resistance of Ber'beris and related genera to stem rust. Cereal Courier 15: 278-287. 
1923. 

4 Mains, E. B. Tlie lietcroecism of Fiiecirda mmtaneiisis, F. hoeleriae, and P. 

apocrypta. Mycologia 13: 315-322. 1921. 

3 Smith, C. 0. Black pit of lemons. Pliytopath. 3: 277“283. 1913. 
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described and the causal organism isolated.® Finally the two troubles were 
again studied^ and found to be two manifestations of the same organism. 
The spots on the fruit of avocado are brownish to black, firm, irregular , to 
circular, 2-10 millimeters or larger upon coalescing. They do not extend 
far into the flesh but are limited to the rind. The lenticels are the channels 
of infection. The California lilac disease forms a circular spot 2-5 milli- 
meters on the leaves, and a definite lesion on the stem. The causal organ- 
isms from both have been isolated, and their cultural characteristics and 
pathogenicity on different hosts are being studied, as well as their relation- 
ship to the European lilac disease caused by Pseudomonas syringae.^ This 
investigation is well in progress, and the results thus far indicate that the 
Citrus blast, the avocado blemish, and the California lilac disease are closely 
related and probably are caused by the same organism. — Clayton 0. 
Smith, University of California, Graduate School of Tropical Agriculture 
and Citrus Experiment Station, Eiverside, California. 

Eolcus Bacterial Spot on Species of Holcus and Zea mays. — ^Bacterial 
leaf spots have been known on species of Eolcus and Zea mays L. since 
BurrilFs early, epoch-making work on bacterial diseases of plants. There 
has been, however, much confusion as to the identity oi the causal agent 
or agents. A study of these bacterial spots has permitted a much clearer 
understanding of the cause and has definitely associated with the disease 
a single species of Bacterium which is quite cosmopolitan in its host range. 

The symptoms of the Holcus bacterial spo-t vary somewhat on different 
hosts, a fact which doubtless has been responsible for much of the con- 
fusion in the earlier writings. However the lesions on all hosts are round, 
oblong, linear to irregular, and of varying size. On sorghum {Eolcus 
sorghum L.), Sudan grass {E. sorghum var. sudanensis (Piper) Hitchc.), 
and Johnson grass {E. halepensis L.), the spots are red or light centered 
with a red border, except on the variety of E. sorghum known as Shallu, 
on which the spots have a dark brown border. The lesions on pearl millet 
{Pennisetum glaucum (L.) E. Br.) are dark brown with a slight halo, 
while on corn {Zea mays) they are light to dark brown with a reddish 
brown border and a light green halo when viewed by transmitted light. 
The spots on foxtail {Chaetochloa lutescens (Weigel) Stuntz) are small 
and dark brown. 

6 Lee, H. A. A new bacterial disease of Citrus. Jour. Agr. Res. 9 : 1-8. 1917. 

7 Fawcett, H. B., W. T. Horne, and A. F. Camp. Citrus blast and black pit. Calif. 
Agr. Exp. Bta., Tech. Paper 5. 1923. 

s Van Hall, C. J. J. B© Beringenziekte, veroozaakt door Fseudomoivas sy ring ae. 
Bijdragen tot de kennis der bakterieele plantenziekten : 141-146. Amsterdam, 1902. 
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A white, fluorescent bacterium lias been consistently isolated from the 
necrotic areas on the different hosts, and numerous cross-inoculations and 
cultural studies have shown that the organisms from the various hosts are 
identical. A careful comparison of the causal organism with previously 
described bacterial organisms on these hosts, as well as closely related 
hosts, indicates that this disease is caused by an undescribed Bacterium. 
The organism is briefly characterized as follows: 

Bacterium hold n. sp.° 

Short cylindrical rods, rounded at the ends, solitary or in pairs; aver- 
age size .TSm* by 2.13^'; motile by 1 to 4 polar flagella at one pole only; no 
spores, involution forms, or capsules; strictly aerobic; stains readily with 
gentian violet or carbol fuehsin ; gram-negative. 

Surface colonies on beef-peptone agar are round, raised, smooth, entire 
margin, finely amorphous ; grayish white in reflected light, slightly green- 
ish fluorescent in transmitted light. 

Gelatin rapidly liquefied; nitrates reduced; no indol; no gas from 
various carbohydrates; acid from dextrose and saccharose; no acid in milk; 
casein digested without curdling; growth and greenish pigment formation 
in Uschinsky’s and Fermi's solution; no growth in Cohn's solution; toler- 
ates six per cent sodium chloride in pH 7 beef -peptone broth; grows in 
pH 5.0, but not in pH 4.5 beef-peptone broth. 

Temperature growth range from 0° to 35° C., optimum between 25° 
and 30° C.; thermal death point, 49° C.; resistant to freezing in water; 
susceptible to desiccation on glass, but resistant on Holcus sorghum seed. 
Killed by 45-minute exposure to direct sunlight. 

Group number 211.2323133. 

Pathogenic on Holcus sorghum L., E. sorghum var. sudanensis, (Piper) 
Hitchc., H. halepensis L., Pennisetum glaucum (L.) R. Br., Zea mays L., 
Z. mays var. saccharata Bailey, and Ghaetochloa lutescens (Weigel) 
Stuntz. — James B. Kendrick, Plant Pathological Laboratories, Iowa State 
College, Ames, Iowa. 

The 1925 Simmer Field Meeting — Cereal Disease Conference. The 
1925 cereal disease field meets and conferences took place this year in three 
different States, Iowa, Minnesota, and North Dakota, starting July 8 at 
Ames and closing July 14 at Fargo. The meeting was authorized and held 
under the direction of the Advisory Board and under the immediate super- 
vision of a general committee. Local committees for each state arranged 

9 According to Migula ’s classification and the revision adopted hy the conamittee of 
the Society of American Bacteriologists, the combination would be Pseudomonas hold 
n. sp. 'Winslow, O.-E. A. et al. The families and genera of the bacteria. Jour. Baet. 
5 : 191 - 229 . 1920 . 
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programs to provide opportunity for a study of conditions and methods of 
disease control in operation for each of the major crops, ineluding' ffarden 
vegetables and truck crops. 

The total attendance registered at the three meetings was 105. The 
registration at Ames was 42, at St. Paul 74, at Fargo 43. Of those in at- 
tendance at Ames, 30 went on to Minnesota. Of those at the Minnesota 
conference, 25 continued through to North Dakota. Twenty attended the 
meetings and field work in each of the three States, including representatives 
from the Department of Agriculture, Washington, D. 0., from Ohio, Indi- 
ana, Wisconsin, Minnesota, Iowa, Kansas, New York, Delaware, North 
Dakota, Montana, New Mexico, and Hungary. 

The rust and smut problems naturally attracted the greater number of 
workers. The barberry eradication forces were well represented by Dr. P. 
E Kempton and the state leaders from Indiana, Ohio, Minnesota, Montana 
Wisconsin, Iowa, and North Dakota. Within each of the states this number 
was increased by the attendance of various district workers. The Divisions 
of Agronomy at each of the institutions cooperated very closely with the 
pathologists and were particularly helpful in explaining to the vikting dele- 
gates the various field experiments under way. At Ames a full day was 
given to the study of the work in the laboratories, greenhouses, and the field 
plots on the separate farms. The first half-day at St. Paul and at Fargo 
was given over to a study of the experimental plots, and the remaining day 
and one-half to trips into the surrounding farming country. At Ames 
attention was given to experiments on seed treatment of sweet corn to 
studies on crown gall, the cereal disease gardens, plots for breeding oats’for 
resis ance to crown rust, treatment methods with smuts, studies in cedar 
apple rust, cabbage yellows, potato seed treatment, field corn seed treat- 

s. At St. Paul the field and agronomy plots on the University Farm 
were inspected, including the disease control experiments and plant breed- 
ing nurseries. At Fargo the seed standardization gardens fl potatoes 
plots in'^^rearh A ^^‘i^heat disease control gardens, agronomy 

At each of the institutions the work was started by an address of we1 
come torn the Preeideht. At Ames, Drs. Humphre/shd I't 

very interesting outlines on the high Bghts ot plant disease eontrol as accom- 

of P.Tr ?■“”* *l>e Division 

of TrSi SnoSs® • Th“ “““d-iaP PWt, “The Danoe 

wn,!? Through posing, singing, and dancing, the young 

men, aided by an artful arrangement of specially painted scenery repre- 
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senting the wheat crop and the barberry bushes, and through skillful manip- 
ulation of properly colored toy balloons, portrayed the life history of the 
black stem rust. This was followed by a moving picture outlining the 
details of the life history of the rust plant in a splendid educational way. 
At Fargo at the evening dinner a number of speakers were called upon to 
outline the status of their chief investigations. Each of the evening meet- 
ings was a splendid exhibition of the proper mixing of pleasure with the 
real purposes of eooj)erative education. At different times, sometimes in 
the field, sometimes on the lawns at noon, splendid expositions of the pres- 
ent status of their investigations were outlined by Drs. Dietz, Mains, Tis- 
dale, Levine, Husz, and others. At the closing session at Amenia, North 
Dakota, Dr. F. E. Kempton gave an interesting survey of the present status 
of barberry eradication in the thirteen States in which the work is now 
being pushed. 

These cereal field meets and conferences have very greatly aided in 
bringing together the investigators and emphasizing the importance of co- 
operative effort in the different States. An outstanding feature of this 
meeting was the effort on the part of each investigator to make clear the 
work as laid out in his experiments and as shown under the local condi- 
tions, so that the visitors working on similar problems could not fail to gain 
much valuable information. The field tours into the farming and land 
development districts of the three States also furnished splendid opportu- 
nity to see wherein the results of past investigations were being put into 
operation. There were places in each of the States wherein it was evident 
that no attention whatever had been given to such matters by the average 
grower, and there were other communities in which it was apparent that 
the work done by plant pathologists in the past decades had taken effect in 
practical agriculture. This was particularly marked in the work of the 
larger land development projects, under the management of skilled or 
trained foremen. 

In each State over 200 miles of travel was made through the very best 
cereal districts. The workers had opportunity to get into the field at any 
point desired in addition to those outlined in the local programs. These 
drives gave opportunity to notice the astonishing effect of the present bar- 
berry eradication work in Iowa, Minnesota and North Dakota. It was clear 
that something had been done to stem rust of oats, wheat and barley. Great 
districts were found in each of the three States in which it was difficult for 
the experts to locate anything like destructive forms of infection. There 
were other areas visited in which the rust infections were astonishingly 
severe, quite discouraging to those who had expected too early results from 
the eradication accomplished to date. 
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Another very outstanding feature is the splendid line of investigations 
looking toward the establishment of accurate fundamental methods of 
breeding for disease control. The accomplishments in each of the States, 
particularly on the experimental grounds, must certainly have been very 
enlightening to the best informed workers in the group. No one of these 
States but has a number of highly important cereals now in commercial use 
that have been bred for disease resistance in such manner as not only to 
result in practical control of the specific disease but clearly proved to be 
better yielders and of better quality than the varieties previously in use. 
Prom a study of the breeding plots at these three institutions, it must be 
clear to any intelligent investigator that there is probably no type of cereal 
plant which cannot be very much improved by breeding and selecting proc- 
esses now in use; and that by intelligent action one can very greatly hasten 
the coming into use of types which are far more suited to local conditions 
than those now commonly sown. — H. L. Bolley, for the General Commit- 
tee, Agricultural College, Fargo, North Dakota. 
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BACTERIAL STALK ROT OF CORN^ 

H. B. B o s E N 

In 1919 the writer (14) called attention to a little known disease of corn 
prevalent in Arkansas. This was followed by two short papers in which 
brief descriptions of the disease and the pathogene concerned with it were 
presented. The present paper aims to present a thorough but succinct ac- 
count of the disease and the pathogene. 

DISTRIBUTION AND EXTENT OF DAMAGE 

Subsequent to the first communication (14), the disease has been re- 
ported by other investigators from the following states: New York, North 
Carolina, Mississippi, Louisiana, Ohio, Illinois,- North Dakota, and Ari- 
zona.^ It is possible that in some instances this disease may have been con- 
fused with some other malady, but it is quite probable that the disease is 
present in other states, as well as in most of those mentioned above. As far 
as Arkansas is concerned, and probably other southern states, the pathology 
of corn in general is hardly fathomed as yet. 

As to the presence of this disease in other countries, there are no pub- 
lished records known to the writer with the exception of that by Dawson 
(6) of East Africa, whose report is so brief that there is some question as to 
the disease described by him being the same as that here discussed. 

Evidence will be presented later which clearly indicates that this is a 
disease which does damage only during moist, muggy, warm weather, and 
that regions in which the air temperatures are much below 27'' C. during 
the growing season are likely to be free from it. The disease is very prob- 
ably present in all the states along the Mississippi River from Illinois 
southward. 

1 Published with the permission of the Dean of the College of Agriculture, and 
Director of the Arkansas Agricultural Experiment Station. 

2 XT. S. Dept. Agr. Bur. Plant Indus. Plant Disease Bui. Supplement 21. 232-233. 

1922. (Mimeographed.) 

3 IMd. Supplement 27. 238-239. 1923. (Mimeographed.) 
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The writer has noted this disease in Arkansas every year since 1919 (6 
years). Field observations have been made and specimens received from a 
wide area of the State, including the Mississippi River (eastern), as well as 
the Ozark (western) section. During the years when summer rainfall is 
quite low, the disease does very little damage and does not cause losses of 
more than one to two per cent. But when the late June, July, or August 
precipitation is more than usual, as occurred in some sections of the State in 
1920 and in 1925, the disease is by far the most destructive one of corn in 
the State. I have already recorded losses of from 10 to 30 per cent of the 
stalks in some fields (15). In 1924 the disease was noted in epidemic form 
at Fayetteville, Ark., in a small garden of sweet com — 11 out of 20 hillj|^ of 
Golden Bantam having the disease and other varieties being affected to a 
lesser extent. During 1925 quite a few reports and specimens were received 
from a number of counties in the eastern part of the State, including Ran- 
dolph, Independence, and Jackson Counties. Some of the correspondents 
who reported considerable damage, and who also sent specimens for iden- 
tification, wrote as follovrs: am sending you specimens of corn stalks 

that have become affected with what appears to be stalk rot. This corn 
appeared to be in a healthy condition until a few days ago. Now many 
stalks are falling over and are being attacked to a more or less extent.’’ 
(Extract from letter of B. Y. Fitch, June 29, 1925.) ^^This is the only 
field I know of that is damaged, but there is considerable damage in it.” 
(Extract from letter of J. E. Critz, June 27, 1925.) am sending you 
herewith specimens of stalks of com that have us somewhat puzzled as to 
what is the cause of the rotting off just at the top of the ground. This 
condition is quite prevalent in this county (Independence County), espe- 
cially in rich delta or bottom lands‘— and in some instances is materially 
affecting the stands. This corn has not suffered seriously from moisture, 
nor has the temperature exceeded about 98 to 100 degrees F., and at this 
time there is plenty of moisture, but not excessively wet.” (Extract from 
letter of S. C. Knight, June 27, 1925.) 

As to the damage done by this disease in other states, Edgerton’s report^ 
is of interest. ‘-The bacterial stem rot of corn described by Rosen from 
Arkansas has been known in Louisiana since 1908. I saw it the first year 
that I was in Louisiana and have seen it to some extent nearly every year 
since. Some years it is very troublesome in some localities and other years 
it is of little importance.” This corresponds closely to the writer’s observa- 
tions in Arkansas. From Illinois, Tehon (20, p. 197) reports as follows on 
the disease — 'Mt was found in Illinois in 1921 in two counties, Jackson and 
Randolph, where it was reported as serious in the fields affected by it. In 

4U. S. Dept. Agr. Bur. Plant Indus. Plant Disease Bui. Supplement 21. 232-233. 

1922. (Mimeographed.) 



Rosen : Bacterial Stalk Rot of Corn 


1922 it was again found in small amonnts in a single field in Union County, 
where it was reported to be causing the death of one per cent of the stalks. 
In 1923 it was seen in Alexander County, where an examination of 100 
acres revealed two infected stalks./^ . Roy C. Thomas, in a letter to the 
writer dated September 29, 1924, reports the disease on Golden Bantam 
and Country Gentleman in Ohio. 

As already indicated, the disease is to be looked for primarily in the 
southern portion of the corn growing section, although it appears that it 
may develop to some extent farther north (probably during exceptionally 
moist, warm periods). In addition to the varieties previously mentioned 
(15) as susceptible to the disease, the following sweet com varieties have 
been found susceptible : Golden Bantam, StowelBs Evergreen, and Country 
Gentleman. 

DESCRIPTION OP THE DISEASE 

The writer has already discussed the symptoms in former publications 
(14, 15). Additional information enables me to make some corrections and 


Pig. 1, a — Plant on right artificially infected at a lower node, the resulting rot in- 
volving several adventitious roots as well as stalk tissue. Plant on left served as check, 
b — Natural infection at a lower node which included root infection. 


additions to these. The disease is primarily one affecting the stalks and 
leaves. The name ''root-rot,'' that was first applied (14), is misleading. It 
was used because the first observations showed the roots as the main seat of 
disturbance, but further study has convinced the writer that this was due 
to some other cause which happened to accompany the bacterial disease in 
the field where it was first observed. The compact, matted appearance of 
the roots, as first described, has not been observed in any subsequent ma- 
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terial, and the writer is inclined to think that this was largely due to wire- 
worm injury, the matting of the roots representing successive efforts on the 
part of the host to replace the elongated roots cut short by the wire-worms. 
Also, too much emphasis was placed on the purplish-brown discoloration of 
the interior of lower nodes, this feature being more or less common to a 
number of root troubles (and perhaps non-parasitic root troubles), and is 



Fig. 2. — ^Natural infections j arrow at extreme left pointing to internal pocket of 
dry rot or later stage, other arrows (2) pointing to an early, wet rot stage; sheath at the 
extreme right showing discoloration and disruption of tissue occurring at an in- 
fected node. 
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only significant in this disease when aeeompanied by a characteristic rotting 
of the same or adjoining tissue (Pig. 1). 

Briefly stated, the symptoms are as follows: (a) A light-brown or dark- 
brown rotting, and premature dying of the lowermost leaves (upper leaves 
rarely become infected), usually beginning in the parts joining the stem 
and confined primarily to parts of the sheath (Pig. 2) ; (b) a yellowing 
and withering of the leaf blades whose sheaths have become rotted; (c) a 
rotting of the stalk, usually at a lower node (Pig. 2), often at the node 
immediately above the soil line; the rotted part in severe infections is a 
dark-brown or blackish, soft, putrid, sunken mass, often with a grayish- 
white slime in recent infections, and light-brown, shriveled and broken up 
in older infections (PL XVII) . In most cases the infection does not extend 
through the whole thickness of the stalk, but either confines itself to a 
small localized blackish spot with a water-soaked margin, extending not 
more than 0.25 inches into the interior and invading only a small part of 
the nodal circumference (Pig. 4), or the infection, beginning at some ex- 
ternal point on the node, extends into the interior, invading a considerable 
part of this without showing much at the surface; or lastly, the rot may 
im^olve the whole circumference of the node and extend but a short way 
into the interior. As formerly reported (15)^ the complete rotting of a 
lower node and the subsequent falling over of the stalk are symptoms of 
this disease in severe infections (Pig. 3). Roots which happen to be attached 
to those parts of the stalk which are diseased will likewise become infected, 
but it should be noted that this disease is primarily a stalk and leaf rot and 
not a root rot ; likewise that leaf blades in contrast to leaf sheaths are rarely 
infected, though the author has often succeeded in infecting these arti- 
ficially (Pig. 5). 

It is often difficult to distinguish this disease on the leaf sheaths from 
leaf spotting due to other causes, particularly those spots which are asso- 
ciated with the presence of pollen sacs and aphis honey dew in the ventral 
side of the sheath, and which, according to Durrell (8 and 9), make it pos- 
sible for normally saprophytic fungi and bacteria to penetrate the sheath 
and produce discolored spots. However, such spotting, in the writer’s 
observations, is found mostly on the leaf sheaths, while the bacterial disease 
here described is conspicuous as a stalk infection. Purthermore, the bac- 
terial disease is found on young as well as on older plants (Pig. 3), while 
Durrell notes that the Diplodia dry rot fungus is found mostly on older 
plants. 

What is the explanation for the prevalence of this disease on the lower 
parts of the plant! In other bacterial diseases which are not systemic and 
which are not particularly associated with insect dissejnination, primary 
infections are also apt to appear on parts close to the soil line. Black rot 



246 Phytopathology [Vol. 16 

of cabbage, black leg of potato, and angular leaf spot of cotton immediately 
come to mind as good illustrations of this. The same thing is true for a 
large number of fungous diseases. Closeness or contiguity to soil is the main 
explanation, the pathogene either being associated with the seed or more 
directly with the soil. In the latter instance the pathogene lives over on 
formerly diseased material of past crops or, rather rarely, lives a more or 
less independent existence in the soil. In these instances dissemination is 
largely by driving rains or by surface drainage. The angular leaf spot of 


Hig. 3. — Typical stalk rot close to the soil involving an extreme disintegration of 
localized stem tissue. 

a — Rot of older plant. 

b — ^Rot of young plants; plants prostrate as a result of extreme rotting. Photo- 
graphed at Burdette, Ark., June 27, 1921. 

cotton is a very good illustration of this. In addition to closeness of soil, 
the frequency of injuries around the crown of the plant, either in the form 
of natural wounds or in the form of insect and other injuries, also play an 
important role in rendering the lower parts of the corn plant more subject 
to disease. 

ISOLATION AND ARTIFICIAL INOCULATION EXPERIMENTS 

It has previously been reported that the pathogene is rather easily iso- 
lated (15). During the six years that have elapsed since its discovery, it 
has been isolated more than 50 times from natural and from artificial inf ec- 
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tioiis. Owing to the great abundance of bacteria in infected portions, a 
small bit of material from any portion of the rotted tissue is usually suffi- 
cient for microscopic examination. Under the pressure of a cover glass, 
grayish-white clouds of the bacteria ooze out of such tissue floating in a 
drop of water. Not infrequently other microorganisms, including various 
fungi and comparatively large-sized or motile bacteria, are also to be seen 
in rotted tissue, but if care is taken to choose only freshly infected tissue, 
these small, plump rods are quite frequently the only microorganisms to be 
observed. Within the parenchymatous tissue of the corn stalk, which it will 
be recalled occupies a considerable part of the stalk, the bacterial pathogene 
thrives and multiplies rapidly under suitable conditions of moisture and 
temperature, and infected cells are filled with bacteria. The writer has 
never observed the pathogene in the vascular tissues, and, as the rotted 
region is always more or less limited in extent, the disease may be consid- 
ered as a localized one. It may be possible to have localized infections of 
vascular systems, but the fact that this disease often leaves only the shredded 
fibers or vascular elements at the rotted joints is external evidence of the 
lack of vascular infection (PI. XVII, a). Conceivably, should any injury 
occur to the xylem of the amphivasal corn bundle so that the phloem would 
be exposed, it also might become infected. 

Isolations by means of platings from internal tissues, either without 
subjecting this interior tissue to a germicide, or submitting it to the action of 
mercuric chloride for the customary minute or two and then washing in 
sterile water, are very likely to result in the development of one type of 
colony (PI. XVIII) . In order to be certain that any fungus, which might be 
present and which might be lost by bacteriological dilution culture methods, 
is isolated, bits of unmacerated tissue were surface sterilized, and plated out 
directly on various media, especially potato glucose agar and nutrient agar. 
This, in conjunction with the dilution plate method, should enable one to 
isolate fungi as well as bacteria which may be present. As a result of a 
large number of such trials, the writer was able to establish early in his 
work the presence of a certain bacterium in the diseased tissue. Of the fungi 
which have been encountered in such rotted areas, Rhizoptis spp. and Fu- 
sarmm spp. lead in frequency. But inasmuch as the tissue harboring these 
fungi was always teeming with bacteria, while many isolations revealed no 
fungi, there is no good reason for considering these other than as secondary 
invaders. Occasionally other species of bacteria have been isolated from 
diseased material, but having once learned to distinguish the pathogene, 
other bacterial colonies which appeared sporadically were readily explain- 
able as secondary invaders or as contaminations. 

Artificial inoculations have been made on somewhat more than 2,000 
plants, involving about 150 separate trials in the field and greenhouse, and 
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typical symptoms have been obtained from approximately 20 per cent. It 
was discovered early in the work that infections were not always obtainable. 
These failures at times could not be ascribed to any lack of virulence on the 
part of the organism, as success and failure occasionally occurred in differ- 
ent trials made but a few days apart. As failures became at times more 
common, and typical infections discouragingly rare, it seemed necessary to 
make a thorough study of environmental factors as related to disease incep- 
tion and development. Furthermore, sporadic outbreaks of the disease 
under field conditions, which were noted at times as regular epidemics in 
some localities, followed by a more or less rapid and complete subsidence of 
the disease, made it all the more desirable to undertake such a study. 

Dr. Charles F. Hottes, of the University of Illinois, very kindly per- 
mitted the writer to use the excellent control apparatus which he had con- 
structed. This consists of a series of large glass chambers in which tem- 
perature and humidity, and light to some extent, can be accurately 
controlled. Time permitted only a study of the effect of temperature on 
infection. Three diff'erent series were run in these chambers at different 
times, and the results cheek up closely in the three. As far as humidit}’' is 
concerned, it had previously been ascertained that little or no infection was 
secured in a dry atmosphere during the incubation period, and that to 
insure infection a very moist or practically saturated atmosphere was neces- 
sary. This was obtained by wetting large strips of filter paper and placing 
them on the inside of large bell Jars next to the walls. All plants, checks as 
well as those inoculated with bacteria, were treated the same way. Inocu- 
lations were made by spraying the plants with fresh cultures of the bacteria 
growing upon nutrient agar slants. The spraying apparatus consisted of 
sterilized, all-metallic artistes syringes. Wounded, as well as unwounded, 
plants were treated, the wounds consisting of needle pricks and knife in- 
cisions on stems, usually at the base. 

Summarizing the results of these experiments, it was found that below 
20° C. there were no infections; between 20° and 25° C. infections were 
few and much limited in the size of tissue affected and in the severity of 
infections ; between 25° and 30° G. infections were more numerous, the size 
of infections greater, and the discolorations and disintegrations of the 
affected cells much more severe; between 30° and 35° C. the greatest num- 
ber of infections was obtained, the affected area showing the greatest 
amount of disintegration and death of tissues. 

A portion of the notes of one of these series reads as follows : December 1, 1922, 
11:00 A. M., sprayed one pot of corn (NeiPs Paymaster) with Burdette strain, another 
pot with Jackson County (Illinois) strain, and one with sterile water. Three such pots 
placed in each chamber at the following temperatures: 15°, 20°, 25°, 30°, and 35° C. 
Bell jars lined internally with wet filter paper placed over each pot. 
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December 2, 9:00 A. M. — 35° chamber reads 36° 0. Others 0. K. 

December 3, 8:30 A. M. — 35° chamber reads 40° 0. Others O. K. Bell jars 
removed. In 30° chamber, yellow tips noted on several leaf blades of pots of both 
strains, one leaf showing withered area around margin. 

December 4, 8:30 A. M. — Plants in 35° chamber showing brownish-yellow tips in 
pots of both strains, no leaf discoloration of plants sprayed with sterile water. Same 
observations on the plants in the 30° chamber. In the 25° chamber, two leaves with 
yellow tips in the pot sprayed with Burdette strain, none with Jackson County strain. 
No discolorations at 20° or at 15° C. At 25° one tip of a true leaf and one eoleoptile 
tip of another plant infected, infection being in the form of yellowish-brown discolora- 
tion extending 1 cm. downward and involving the whole width of the leaf and eoleoptile, 
with an indefinite lighter colored border. Microscopic examination shows brownish 
tissue teeming with bacteria, which ooze out in thread-like whorls in a water mount. 

At 30° G., pot sprayed with Jackson County strain showing one leaf with dark 
brown withered tip and with light-yellow border extending about one-half way down 
the leaf and farther, extending as a broad, yellow streak along the midrib. Pot 
sprayed with Burdette strain showing five leaves of as many plants infected. Symptoms 
comparable to those given above. Each leaf carefully examined under the microscope 
and found to harbor bacteria in the discolored and dead areas. 

'At 35° 0., pot sprayed with Jackson County strain shows four true leaves on as 
many plants badly diseased at the tips and extending along the sides for several centi- 
meters or involving most of the leaf area. Same symptoms as at 30° C. Each infected 
leaf examined under the microscope and bacteria found in each. All coleoptiles brown, 
and more or less disintegrated near the soil line. Pot sprayed with Burdette strain 
shows six leaves badly infected at the tips and sides. Pour others with infections just 
beginning at the tips. No fungi were noted in the whole of the above recorded plants 
and the bacteria appeared as the typical short, plump rods. All check plants sprayed 
with water remained healthy. 

December 5, 8:30 A. M. — Temperature of 35° chamber reads 33° C. Others 0. K. 
No infections noted other than those recorded above. 

December 6, 8:30 A. M. — Pot kept at 35° C. and sprayed with Burdette strain 
shows one seedling with dead stem, the brown water-soaked tissue extending from below 
the soil line to above the node, 1.5 to 2 cm. in length. Mibroscopic examination shows 
tissues teeming with bacteria j no other microorganisms found. All other plants show- 
ing no stem rot. 

December 7, 8:30 A. M. — Pot at 30° 0. sprayed with Burdette strain shows three 
seedlings with brown discoloration at the base of the stem, the discoloration extending 
into the interior. Microscopic examination shows plenty of bacteria in the tissues,* no 
other microorganisms observed. Pot at 30° C. sprayed with Jackson County strain 
shows one plant, previously wounded at the base with a knife, with brown discoloration 
and rotted tissue at base of stem. Microscopic examination reveals bacteria present. 
Wounded, uninoculated plants appear perfectly sound, with no noticeable discoloration. 

These studies clearly show that temperature plays a very important role 
in the inception and development of the disease. Attention is called to the 
fact that both air and soil temperatures were under control in these experi- 
ments. They fully confirmed field observations and the numerous other 
trials at artificial infection made in the field and in the greenhouse, in 
which it was found that no infections occurred unless the temperature was 
fairly high. 
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This naturally leads to the question as to direct effect of temperature on 
the growth and health of disease-free corn and on the pathogene itself. A 
number of investigators have studied the effect of temperature on corn, par- 
ticularly on seed germination and on seedling development. The careful 
work of Lehenbauer (10) and of Dickson (7) is especially worthy of note. 
The former made an intensive study of the effect of temperature on the 
growth of corn seedlings, using Dr. Hottes’ control apparatus. He finds 
that the optimum temperature for the growth of shoots of maize seedlings 
in water culture for a 12-hour period is 32° C. (89.6° P.). At high tem- 


PiG. 4. — Arrows at extreme left point to rotted areas, internal view, followed by ex- 
ternal view (to the right). No. 3 represents a nodal lesion which has not progressed 
to any extent into the interior. Extreme right hand figure shows spots on sheath. 

peratures, 31° C. and above, the growth of these shoots is not maintained, 
there being a marked falling off in the rate during prolonged periods of 
exposure. He also finds that there is no such thing as an optimum tempera- 
ture for com seedlings, but rather a time-temperature relationship, and 
states that ‘‘the optimum temperature for growth under these conditions 
is found to change as the length of the period of exposure is altered.” The 
growth rate at medium temperatures accords with the van’t Hoff law, show- 



1926] 


Rosen : Bacterial Stalk Rot of Corn 


251 


ing a doubling of the rate for each rise of 9° or 10'" C. Dickson finds that 
corn seed germinates more rapidly at 32° C., seedlings develop most vigor- 
ously and most uniformly at the soil temperatures of 24° to 28° C. Corn 
matures faster at comparatively high temperatures, the floral parts develop- 
ing first at about 28° to 32° C., while at soil temperatures below 16° C. he 
was not able to bring corn to maturity. In general, he finds that corn func- 
tions best at rather high soil temperatures. While there does not appear to 
be a close agreement between the results of Lehenbauer and those obtained 
by Dickson, this is, at least in part, to be explained by the differences in 
treatments and in standards of measurement, one using both soil and air 
temperatures and the other using primarily soil temperatures. For the 
present, in the absence of further work, it may be assumed that, other 
factors being favorable for good growth of corn, compax^atively high soil 
and air temperatures are best suited to its vegetative vigor and, perhaps, 
productiveness. 

In order to determine the effect of temperature on the growth of the 
pathogene, several nutrient agar slants were inoculated with fresh cultures 
of the two different strains and placed, in duplicate, in the 20°, 25°, 30°, 
and 35° chambei*s used at the same time for one of the artificial infection 
series. At the end of 18 hours there was good growth at 35° and at 30°, 
noticeably less at 25°, and very markedly less at 20° C. As will be shown 
more fully later on, the organism grows very rapidly under suitable 
conditions. 

It appears then that temperatures that are most favorable for the growth 
of com are also most favorable for the growth and infectivity of the patho- 
gene. Field evidence supports these greenhouse and temperature chamber 
studies. In all the more or less serious outbreaks of the disease it has been 
found that the weather was very warm and moist during the attacks ; and 
conversely, in the absence of such weather, very little of the disease has 
been noted. Associated with this, the lower latitudes found in the eastern 
part of the state, particularly along the Mississippi River, in contrast to 
the western or hilly section, showed more frequent outbreaks and the dis- 
ease was present in its worst forms, i.e,, complete rotting of a localized por- 
tion and a subsequent falling over of the stalk. 

While temperature undoubtedly plays a very important role in the 
development of this disease, humidity, as already indicated, apparently 
plays just as important a role. While no experiments have been conducted 
with adequate controls to substantiate this statement, all the observations on 
artificial and natural infections tend to show it to be true. United States 
government records of precipitation and humidity of Mississippi County, 
Arkansas, for August, 1920, are of interest. (This was the locality and 
period in which 10 to 30 per cent of the corn was found ruined.) Only 6 
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clear days ax^e i‘eported for the whole month, while 5 days are listed as 
partly cloudy, 20 days cloudy, and 5 days with precipitation. Although the 
total amount of rainfall was only 4.5 inches, being 1.54 inches more than 
noi'mal, the large number of cloudy days is perhaps of greater significance. 
Numerous comparable records could be cited which clearly show that a high 
humidity is indispensable. For example, the very best artificial infections, 
i.e,, those closely resembling natural stalk infections of the severe form, 
have been obtained in the field only when rainy weather set in immediately 
after the plants were inoculated. This was particularly noticeable during 
the last days of June and the first few days of July, 1925 (Fig. 3) . Under 
greenhouse conditions, on the other hand, in which corn does not make as 


Pig. 5. — Artificial infections on leaf blades in form of dark- or light-brown, withered 
tips, inoculum in the form of a young culture suspended in water, applied as a fine spray 
by means of a sterilized, all-metallic artist syringe. Check plants sprayed with sterile 
water, otherwise treated in same way as inoculated plants, had healthy leaves. 

vigorous growth as under proper field conditions, the extreme forms of stalk 
rot usually have not been observed, although infections were to be had. 
The explanation for this appears to be something more than the necessity 
of moisture for bacterial invasion, since plants covered with bell jars for 
48 hours or more have been kept with moist leaf surfaces and with little or 
no extreme stalk rot developing. Occasionally severe infection has been 
obtained [(14), Fig. 3]. It appears likely that conditions which favor sue- 


1926] Eosen: Bacterial Stalk Eot op Corn 253 

culenee of tlie host, in which a comparatively large amount of soft, paren- 
chymatous tissue and a small amount of hard woody tissue is being formed, 
are the direct factors which predispose a plant to infection and extreme 
necrotic developments. In this respect the well-known fire blight of pears 
may be cited as a disease comparable to the bacterial stalk rot of corn. 

PATHS OE INVASION 

In artificial inoculation experiments with seedlings, infections often 
appear on the leaf blades in which the inoculum is applied as a spray. This 
is to be expected, as very little actual stalk surface is exposed. Very often 
these infections start at the apex, indicating entrance of the pathogene 
through the apical hydathode (Fig. 5). Microscopic examination of such 
infections invariably reveals the pathogene in great numbers within the 
infected tissue. In addition to this form of invasion, isolated spots and 
streaks of blades and sheaths indicate other paths, i.e,, stomata or wounds. 
Invasion by means of leaf stomata is apparently rare, although it occurs at 
times. In contrast to this, when environmental conditions were favorable, 
the author has obtained excellent infections through stomata situated in the 
lower portion of the stalk (PI. XIX, b). In this region the stomata are 
much , more common than may be supposed. Careful studies of natural 
infections seem to indicate that this is one of the most common ways in 
which the bacteria gain entrance into the stalk. In order to test this out, 
a number of stalks growing in the field were inoculated by means of needle 
smears around the crowns, care being taken not to wound the plants; these 
smears were then covered with moistened absorbent cotton. Other stalks 
were treated in like manner, with the exception that needle pricks were 
made and the organism smeared in and around these. The number of 
infections obtained by smears was fully as great as that obtained by pricks. 
In these experiments, also, it is worth noting that in periods of dry weather 
infections by either method were few. 

As far as wounds are concerned, the writer has previously (15) called 
attention to the natural wounds common to the corn stalk at the lower 
nodes, when endogenous roots are pushed out. Artificial infections have 
been obtained in these regions (Fig. 1), and examinations of natural infec- 
tions have shown a number of cases where infections appeared to have 
started in tissue ruptured by the passage of one or more roots. Early infec- 
tions of this sort appear as light-brown water-soaked areas of the leaf sheath 
and of the adjoining stalk tissue surrounding the root. Injuries caused by 
various insects also have been found to offer excellent paths for infection. 

A histological study of diseased tissue reveals discolored cells which, 
depending upon the age and progress of infection, show various stages of 
disintegration. In young infections there is little disintegration, the bac- 
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teria being found within the cells and in the surrounding intercellular 
spaces. In older infections, however, many of the parenchymatous cells are 
more or less completely broken up and disjointed, and only remnants of 
tissue may be observed with cells appearing more or less intact. The ex- 
treme rotting and loss of cell cohesion makes the disease comparable to the 
soft rot of vegetables due to Bacillus carotovorus Jones or to the Rhizopus 
rot of various fruits and vegetables; a study of the enzyme action of this 
pathogene in all probability would reveal enzymes that are capable of 
acting upon pectic compounds. 

THE PATHOGENE 

Morphology, The organism is a short, plump, rapidly growing rod (PL 
XIX, c) . (As the organism is a marked acid and gas producer and has other 
characteristics of Bacillus coli, it seemed desirable to compare these in vari- 
ous ways, and the results of such comparisons will be presented.) At tem- 
peratures of 25-30° C. growth occurs within 12 hours on suitable media, 
while in 24 hours profuse, heaped up, colonies usually appear on agar slants 
or on plates. With the exception of one glaring error, the brief description 
previously given (16) for this pathogene characterizes it quite well. Tlie 
statement that it is motile by means of a single polar flagellum is incorrect 
and was based on stains made according to the Van Brmengem flagella 
staining method (PL XIX, a). By this and other methods, such as the Pit- 
field’s, long streamers are often obtained, drawn out from one end of the 
organism. Subsequent studies enable me to say that these threads repre- 
sent a slimy matrix or sheath surrounding the organism, which, when 
spread out on a cover glass, may be observed as masses of intertwining, 
coalescing threads and ramuli, which surround one or more organisms, 
frequently simulating flagella-like processes. As most if not all of the well- 
known flagella staining methods engender deposits of greater or less 
amounts of precipitate on and around the microorganisms, often making it 
impossible to obtain a clear view of them, it is not very surprising that this 
slime should have been interpreted as flagella. It will be shown elsewhere 
by the writer that at least in one other bacterium, supposedly one of the 
best known, the flagella have been incorrectly described. The fact that this 
organism in pure culture never appears motile, when observed in a hanging 
drop, constitutes good supplementary evidence. On the other hand, one 
of the reasons for the earlier belief of motility was due to the presence of 
actively motile bacteria, along with non-motile forms, in some natural infec- 
tions. These are now regarded as secondary invaders. However, studies 
of flagella on a fairly large number of diverse bacteria, in which consider- 
able variation has been observed in number and arrangement of flagella in 
the same species, and also the variations obtained in physiological processes 
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of different strains of the same species, are sufficient to make the author 
hesitate about any generalizations concerning motility in all possible 
strains. For the present, the writer can report that, in all strains of the 
stalk-rotting organism studied thus far (about 25 in number, but represent- 
ing only two states, Arkansas and Illinois), no motility has been observed 
in pure cultures. 

As previously recorded, the average measurements of the bacteria 
stained by ordinary methods are 0.7 - 1.2f-i x 0.5 - 0.9 ll The organism is 
frequently found in groups or clumpsr— doubtless due to the slimy enve- 
lopes— often in pairs, and rarely in chains. Capsules are present (PL 
XIX, d) as may readily be observed by using the Plimmer and Paine method 
(13) . By this method, including the enveloping capsules, the average meas- 
urements are 1.5 - I.Sm- x 1.0 ~ I.Sh-. No spores have ever been observed. 
Many young and old cultures have been variously stained, with no indica- 
tions of spores. As the pathogene takes the form of rather small sized 
rods, spores would perhaps not be expected. It is Gram negative, using 
the method described by Burke (4). Staphylococcus aureus with the same 
stain gives a positive test. Counter-stained with safranin, the corn organ- 
ism stains red, while Staphylococcus remains deep blue. It is not acid fast. 
A broth culture, 24 hours old, stained with ZiehPs carbol-fuchsin and then 
treated with 20 per cent sulphuric acid for a moment, shows no color. 
When counter-stained with aqueous methylene blue, the organism appears 
blue with no trace of red. 

CULTURAL CHARACTERS 

Agar plaUs. On peptone-beef agar poured plates kept at 25° C., many 
of the colonies become visible in 24 hours, and in 48 hours most, if not all, 
are visible. They are white, round, smooth, glistening, opaque, have a con- 
sistency of melted butter or of boiled starch ; the elevation is convex, edge 
entire, and the structure amorphous. Deeply imbedded colonies, next U 
the glass, are flat, spreading, and have a tendency to form concentric rings. 
When held up to a bright light, the colonies appear brilliantly fluorescent. 
After three weeks, when the medium is well dried out, colonies show a 
marked tendency to form a flat, spreading growth, zonated near the mar- 
gin, the margin noticeably lobed and scalloped. 

Aga/r stroke, ^At 25° C. there is a good growth in 24 hours, reaching 
a width of 4 to 5 mm. at the base of the slant, and tapering upwards. The 
growth is filiform to spreading (PL XVIII, b), raised or convex, glistening, 
smooth, butyrous, and opaque. (One strain isolated from Burdette, 
Arkansas, showed a brownish color developed in most of the common 
media.) Odor is marked in some strains and less evident in others, re- 
sembling putrid decaying matter. 
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Agar stab. Growth occurs along the entire length of the stab, some- 
what better above; gas bubbles produced along the line of puncture 
(PI. XVIII, e) and at times extending out through entire thickness of the 
medium. As a result the medium becomes cracked. Growth finally occurs 
in the pockets made by the gas bubbles. By suspending pieces of filter 
papers soaked with Nessler’s reagent over cultures and heating, a brownish 
color appears on the paper, indicating that these gas bubbles were prob- 
ably ammonia. 

Gelatin plates. Growth at 17-20° C. is rather slow and not copious ; 
colonies are round, white, with entire margins. There is no liquefaction. 

Gelatin stabs. At 15-20° C. growth is observable down the whole length 
of the stab at the end of three days. There is no liquefaction at the end 
of five weeks. The line of growth is filiform, and there is a tendency for 
gas formation (ammonia) observable as bubbles near the line of growth. 

Nutrient broth. In peptone-beef broth testing pH 7, kept at 25° C., 
there is a noticeable clouding and a slight precipitate, but no pellicle at 
the end of 24 hours. In 48 hours there is a great surface growth mainly 
observable in the form of a ring and floccules, or compact slimy masses and 
streamers. Fine whitish granules are formed in most strains (absent in 
some) ; clouding gives place to a marked turbidity with numerous floccules ; 
the sediment is abundant and rather cohesive in most strains. In many 
strains there is a marked putrid odor. In contrast to the com organism, 
Bacillus coli forms a much heavier surface growth ; the sediment is never 
viscid (at least in the strain here used) and breaks up into compact flaky 
particles. 

Nutrient broth over chloroform. As compared with growth on the same 
medium in free air, there is no clouding in 24 hours, although the precipi- 
tate is about the same. In 48 hours there is no surface growth, and the 
granules are not nearly as abundant as in free air; the sediment is just 
as heavy but more compact. At the end of six days, growth still appears 
considerably restricted. 

Nutrient broth plus alcohol. Absolute alcohol was added to nutrient 
broth, so as to make 2, 3, 4, 5, 6, 7, 8, 9, and 10 per cent solutions. Growth 
occurs in 2, 3, 4, and 5 per cent solutions, with a heavy surface pellicle, 
something which does not occur in ordinary broth. At the end of three 
weeks, when considerable alcohol has evaporated, surface growth occurs in 
all up to 10 per cent, indicating that, while the alcohol at higher percent- 
ages may have considerably retarded growth and perhaps killed some of 
the organisms, it did not kill all the organisms at the concentrations used. 

Sodium chloride in nutrient broth. At the end of three days, growth 
appears to be equally good in concentrations up to 3 per cent. At 4 and 5 
per cent there is very little growth. 
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Loeffler’s Uood serum. Growtli is restricted and whitisli. There is no 
liquefaction. 

Lima iean agar slants. Growth in 24 hours is very heavy, superior to 
that on nutrient agar in the same time interval, the greater growth being 
even more noticeable at the end of 48 hours. On this medium, growth is 
more spreading, less opaque, and there is a greater tendency for gas pro- 
duction. The medium was made up according to the directions given by 
the writer in a previous publication (17, p. 369). 

UscMnsky^s solution. Growth is good; fluid is not . rendered viscid. 

Fermi's solution. No growth at the end of five days. 

Potato cylinder's. At 25° C. there is good growth in 24 hours. It is 
quite heavy, heaped up, creamy-white, glistening, and not slimy. Growth 
is best on the moist part of the medium at the base of the cylinder. B. coli 
shows a similar type of growth but is somewhat darker in color, grayish 
white and flatter, with a greater tendency to spread. After the corn organ- 
ism had grown on the cylinders for about a month, the cylinders were 
macerated, 10 cc. of distilled water added, and 1 cc. of an alcoholic solu- 
tion of iodine. A purplish red (very near dusky auricula purple of Ridg- 
way) immediately developed, indicating a partial starch hydrolysis. Cylin- 
ders upon which B. coli had been grown for the same length of time, and 
which were treated the same way, developed a deep blue color, comparable 
to the color of uninoculated and similarly treated cylinders. 

Nutrient broth plus 1 per cent potato starch. Growth is very heavy at 
the surface in the form of an adhering pellicle. At the end of 11 days 
it was tested for starch hydrolysis by the same method given fo^* potato 
cylinders. A purplish blue color appeared immediately, which gradually 
changed to a reddish blue, finally losing all color by standing over night. 
Similar treatment of growths of B. coli remained deep blue. This test and 
the one on potato cylinders indicate that the corn organism possesses dia- 
static action. 

Potato dextrose agar slants. At 25° C. growth is copious, raised, shin- 
ing, and white. In some strains there is a marked viscidity, the growth 
pulling away from the medium in thread-like fashion when touched with a 
loop. No such sliminess was noted in the strain of B. coli studied. In 48 
hours there is a noticeable production of gas in the corn organism and much 
more in that of B. coli. 

Milk. At the end of three days at 25° C. milk begins to clear in the 
form of a watery, honey-yellow band appearing at the surface. Coagula- 
tion is delayed, but becomes quite marked by the sixth day; color of medium 
is not changed. At the end of the same period cultures of B. extrude 
whey, which remains white and does not clear. On the 18th day, upon the 
addition of methyl red, cultures of the corn organism show but very faint 
pink, while B. coli cultures show a pink of around pH 5.2. 
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Litmus milk. There is no change in color up to the third day, aside 
from the watery, honey-yellow surface band, but by the sixth day the 
lavender color has changed to a pinkish-cream, indicating acid production. 
Testing with brom cresol purple, with colorimetric comparisons, the active 
acidity is about pH 5.4. 

Indol production. On the 10th day, using the Ehrlich test, nutrient 
broth gave a positive test for indol. Tests by the sodium nitrate-sulphuric 
acid method were negative. It is of interest to note that in broth contain- 
ing sodium chloride there is a decreasing amount of -pink in the Ehrlich 
test as the percentage of salt is increased, being very markedly pink in 
1 per cent and only faintly so in 5 per cent. This would seem to indicate 
that moderately strong solutions of table salt, and probably other inorganic 
salts, either hinder the production of indol or prevent its detection. 

Development of crystals. In old cultures in nutrient broth containing 
1 per cent dextrose, there is a noticeable development of crystals. These 
appear similar to those figured by Smith (19, Fig. 57, No. 2). Tests for 
tyrosin with Mellon’s reagent were negative; likewise tests for trypto- 
phane with bromine vapor gave negative results. 

Nitrite production. Growth is fairly abundant within 48 hours in ni- 
trate broth. Some strains develop a compact, viscid sediment. Surface 
growth is only noticeable as a faint ring. Tests for nitrites with starch 
water-potassium iodide on the 10th day are positive. Checks gave no tests. 

Hydrogen-ion concentration in relation to growth. Nutrient broth was 
rendered acid and alkaline by adding hydrochloric acid and sodium hy- 
droxide aseptically after the broth had been sterilized. The following series 
(4 tubes of each) was used: pH 3.0, 3.5, 4.0, 4.5, 5.tr, 6.0, 7.0, 7.5, 8.0, 8.5, 
and 9.0. Growth occurred in the series, beginning with pH 5.0. Below 
that, at the greater hydrogen-ion concentration, there was no growth. It 
appears that the organism has a rather wide range with reference to 
hydrogen-ion concentration and is especially tolerant of alkaline conditions. 

Toleration of acids. The following acids were added aseptically to 
nutrient broth after it had been sterilized: acetic, citric, hydrochloric, 
lactic, oxalic, and phosphoric. The concentration used for each was 0.1 
per cent. The resulting hydrogen-ion concentration was: acetic acid pH 
4.9, citric pH 5.0, hydrochloric pH 4.8, lactic pH 4.7, oxalic pH 4.7, phos- 
phoric pH 4.5. Growth occurred only in the citric acid broth, testing pH 
5.0. It would take much more work to show whether this means that the 
corn organism is intolerant of anions other than citrate, or whether the 
lesser concentration of hydrogen-ions in the citric acid broth was respon- 
sible for the growth. 

Hydrogen sulphide production. Filter paper saturated with lead ace- 
tate hung over cultures in nutrient broth, and in nutrient broth plus 1 
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per cent potato starch failed to show any color, indicating no hydrogen sul- 
phide production. However, the writer is not satisfied with this test. The 
recent one recommended by the committee on pure culture studies, Society 
of American Bacteriologists (5), has not been tried. 

Ammonia producUon. Cultures several days old, in peptonized beef 
broth testing pH 7, respond readily to a test for ammonia (filter paper 
saturated with Nessler^s reagent). The odor of ammonia is not detected 
however, possibly because of the very marked putrid odor produced by 
some strains of the organism. 

Gas production. In the presence of carbohydrates the organism is a 
marked gas producer. This organism also produces gas in the absence of 
carbohydrates, but this gas, ammonia, is the product of protein decompo- 
sition. Gas production in fermentation tubes has been carefully studied, 
and the results are presented in table 1. 


TABLE 1 . — The production of gas hy Fhytommias dissolvens growing in fermentation 
tubes in the presence of carbohydrates 


Carbohydrate 

Relative amount of 
gas in closed arm 
after 24 hrs. 

Amount of gas in 
per cent after 5 
days 

Proportion of H to 
CO 2 

Dextrose 

Abundant 

60 (25) a 

1:1, 

Galactose 

Noticeable 

15 

1:1 

Mannite 

Noticeable 

60 

1:1, (2:l)a 

Sucrose 

Noticeable 

: 60 (50)a 

1:1 

Maltose 

Abundant 

50 (30) a 

1:1, (2:l)a 

Lactose 

Noticeable 

25 

1:1 

Raffinose 

Inuliu 

Noticeable 
Absent i 

25 (25)a 

Little in 5 days; 
25 per cent in 
10 days 

1:1 

Glycerin 

Noticeable 

20 (30)a 



a Figures in parenthesis refer to B. coU cultures which were i^un at the same time. 


Acid production. Lactose agar stabs containing Andrade-Penny’s indi- 
cator kept at 25® C., develop a pinkish color in 18 hours, with considerable 
gas production in the form of bubbles. The pink color denoting acid de- 
velopment remains after two months of growth. In order to ascertain the 
active acidity developed by the corn organism in the presence of different 
carbohydrates, 1 per cent of each of the carbohydrates listed in table 2 was 
added to the nutrient broth. The acidity was determined by colorimetric 
comparisons, using the Clark and Lubs indicators. 

Prom table 2 it will be seen that considerable acid is produced in two 
disaccharides and in one polysaccharide ; otherwise the acid production is 
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not very great. Unfortunately, in the series just presented, no compari- 
sons were made with B, coli. However, in a series of agar slants contain- 
ing litmus as an indicator, and in the presence of various carbohydrates, 
the original blue was changed to red in six hours by B. coli, while the com 
organism cultures remained blue, or showed only a mere trace of red or 
pink. These consisted of the following ; galactose, mannite, sucrose, lactose, 
raffinose, and glycerin. In 24 hours, however, all the carbohydrate media 
were red — ^the corn organism cultures as well as B, coli cultures. It thus 
appears that B, coli develops a greater acidity in a shorter interval of time 
than the com organism. 


TABLE 2 . — The acid productum of Phytomonas dissolvem in the 
presenoe of carhohpdrates 


Carbohydrate 

Original pH 

pH at end of 11 days 

Dextrose 

6.8 

6.0 

Galactose 

6.8 

6.0 

Mannite 

6.8 

6,0 

Sucrose 

6.8 

5.4 

Maltose 

6.8 

5.4 ’ 

Lactose 

6.8 

6.1 

Raffinose 

7.1 

6.1 

Potato starch 

6.8 

5.4 

Check (nutrient broth) 

7.0 

7.0 


Germicidal action of mercuric chloride. Comparatively equal amounts 
of the organism, growing in bouillon, were transferred to tubes, each con- 
taining 10 cc. of mercuric chloride of the following dilutions : 1 : 1000 ; 
1 : 10,000 ; 1 : 50,000 ; 1 : 100,000 ; and 1 : 500,000. At the end of five minutes 
a drop of each dilution was transferred to a tube of nutrient broth. No 
growth occurred in the following: 1:1000; 1:10,000; 1:50,000; while the 
transfers from 1 : 100,000 and 1 : 500,000 grew in 24 hours. After 15 
minutes exposure, transfers from 1 : 100,000 failed to grow, while those 
from 1 : 500,000 appeared unaffected. It appears, then, that mercuric 
chloride is a very efficient germicide for this organism. 

PHYSIOLOGICAL REACTIONS 

Effect of temperature on growth. In connection with the artificial in- 
oculation experiments, attention has already been called to the fact that 
this organism grows best at around 30° to 35° C. In addition to the study 
there reported, the organism grown on nutrient broth was subjected to 
various temperatures below 20° C., resulting in very poor growth or no 
growth at all. At 15° C. there was a slight clouding in five days; at 10° 0. 
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there is a very faint cloud at the end of 8 days; while at 0° C. there appears 
to be no growth. Due to lack of facilities, the upper limits of growth have 
not been determined. Based on records of other bacterial pathogenes, this 
would probably be about 40° C., with the death point several degrees above 
that. In reality, such studies as these here reported, and in common use, 
are of little significance as to the effect of temperature under natural con- 
ditions, because, under these conditions, constant temperatures almost never 
exist. It would be far better to subject the organism to field temperatures 
at different times of the year. 

Effect of drying. Diseased material collected during July of 1921 was 
kept in a dry condition in the laboratory until late summer and then placed 
near an open recess in a building where it was sheltered from rain but 
more or less subject to outdoor temperatures. Here it was left until the 
first week in July, 1922. A portion was then thoroughly washed, macerated 
in sterile water, and the suspension sprayed on one pot of corn seedlings. 
Typical infections resulted particularly in three seedlings that had been 
wounded. (Wounded plants which were not inoculated remained healthy.) 
The infected portion of one of the plants was then washed, surface steril- 
ized, macerated in sterile water and plated out. Notes read that in the 
series of 10 plates, pure cultures were obtained without a single evident con- 
tamination. Transfers from the pure culture isolations were in turn inocu- 
lated on another group of plants and resulted in two typical infections on 
as many plants. From one of these the pathogene was reisolated. It thus 
appears that the organism may readily live over for a year at least in dry 
tissue. 

Overwintering. The above data also indicate one method by which the 
pathogene may live over winter. As the primary seat of stalk infection 
is close to the crown of the plant, the diseased part has an excellent oppor- 
tunity of remaining undisturbed during harvesting of the com, whether 
or not the stalks are cut. The stubble remaining on the field serves as a 
source of infection for next year's corn if no rotation is practiced. Ex- 
perimental evidence for other means of overwintering unfortunately is not 
at hand, due to the destruction of inoculated ears on three different occa- 
sions. Field data gathered at various places seem to indicate that the 
pathogene may also be carried in, or on, seed. For example, one field was 
cleared of timber and was used for growing com for two years, then alfalfa 
for seven years, followed by another crop of com. Upon this last crop 
the disease was discovered. Of course such evidence is not very satis- 
factory for various reasons. For one thing, ears showing natural infec- 
tions have not yet been found. Although ears showing rotted husks and 
kernels have been frequently observed, some of which harbored bacteria in 
the diseased parts, all attempts at isolation have yielded either fungi or 
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bacteria wiiicli have no resemblance to the species here discussed. Hence 
the actual means of disease introduction in different localities remains to be 
investigated. As artificial infections sometimes are secured on leaf blades 
and sheaths, and as natural infections on lower sheaths are common, there 
is very good reason to suspect that natural infections take place on husks 
at least and also, perhaps, on the kernels themselves. Indeed, in one case 
a Golden Bantam seedling growing in sterilized soil was infected with 
bacterial stalk rot. The seed came from the same lot as those which pro- 
duced 11 diseased hills out of 20, previously mentioned. 

Effect of low temperatures and freezing. Three different experiments 
were undertaken to determine the effect of very low temperatures. First, 
freshly made strokes on nutrient agar, as well as full grown strokes, were 
put into a calcium chloride water mixture, operated in conjunction with an 
ice machine, with a temperature of — 17'" C. Tubes were left in this for 10, 
30, 60, 90, and 120 minutes, and then placed in a 30° C. incubator. After 
24 hours of incubation, growth occurred on all the freshly made strokes, 
while transfers made from the full grown ones also made successful growth. 
Second, old strokes of two different strains growing on nutrient agar were 
placed in a melting ice mixture, kept there for two hours, and then placed 
ill a 30° C. incubator. All transfers made from these grew. Third, a 
loopful of a 48 hour broth culture was placed in each of four tubes con- 
taining the same quantity of nutrient broth. Three of the tubes were 
placed in a freezing brine ice mixture, in which the broth solidified, and 
was kept in a frozen solid state for two hours. After thawing, poured 
plates were made from similar quantities of each of the three tubes, as 
well as from the cheek. Counts of the number of colonies developed from 
check as well as from the frozen cultures showed a reduction of about 90 
per cent of the colonies in the frozen cultures. Considering the differences 
in media and in type of treatment, these three experiments are not as con- 
flicting as they appear. While the mortality of the organism in a liquid 
medium subject to extreme freezing is high, it can, as a whole, withstand 
very low temperatures. 

Effect of sunlight. Poured plates placed on a block of ice in bright sun- 
light (mid-day of the 22d of June), with one-half of each plate covered 
with black paper, were exposed for vaiying periods of time. Those ex- 
posed for 30 and 45 minutes showed no difference in number of colonies 
between exposed and unexposed halves. But those subject to one hour ex- 
posure and over were almost entirely killed. Compared to other bacterial 
phytopathogenes, a number of which are said to succumb after exposure 
of 15 to 30 minutes, the corn organism is not so sensitive to sunlight. 

Vitality on culture media. On ordinary media such as nutrient broth, 
nutrient agar, and on milk, the organism lives for quite a few months. For 
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example, mitrient agar stroke cultures which were kept in an icebox for 
10 months, during which time the medium dried out considerably, although 
not losing all moisture, showed growth in 24 hours when transferred to 
nutrient agar. 

Group number. Using the most recent chart (1925) issued by the 
Society of American Bacteriologists (5), the index number is 5000-32021'” 

nil. \ 

RELATIONSHIP OF THIS DISEASE TO BURRILL^S BACTERIAL DISEASE OP CORN 

In the first publication (14) of this disease it was stated that it ^dias 
been known since 1889^’ and that it was first described by Burrill. This 
statement was based upon Dr. Burrill 's description of the disease (2 and 
3) and not upon any specimens seen by the writer. Having now made 
a very complete study of all the specimens left by Burrill at the University 
of Illinois, the present author can now report that it is very doubtful if the 
disease or diseases Burrill dealt with is the one hei^e considered. Most, if 
not all, the material examined showed various blade and sheath spots 
(PL XVII, e), quite comparable to the spots described by Durrell (8 and 9) . 
Only one cornstalk specimen was found, representing a seedling, and in 
this the symptoms are markedly different from the bacterial stalk rot. 
Microscopic examination of a number of these spots show various . fungi 
and bacteria present within the tissues, confirming the gross symptoms as 
to type of disease. All the collections examined, including those having the 
following numbers, show the ordinary sheath spots: 9153, 10527, 25896, 
and 32392. 

Aside from the question as to whether the disease described by Burrill 
is the one here discussed, Burrill described, but apparently did not name, 
the causal organism, although various well-known authors, including Eus- 
sell (18, p. 36), Migula (12, p. 315), Ludwig (11, p. 95), Voglino (21, p. 
37), and quite a few of the more recent authors of text-books attribute 
both Bacillus zeae and Bacillus secales, the latter supposedly a synonym, to 
Burrill. Most of these writers cite BurrilPs publications on this subject, 
and when these are carefully studied it appears very doubtful if the authors 
ever read Burrill ’s work. He has only two articles on the corn disease 
that are of importance (2 and 3) and several others that are merely ab- 
stracts and reviews. In none of these does he give any name. The earliest 
use of the name Bacillus zeae Burrill that the present author has been able 
to find appears in EusselUs work (18) in 1892, and it would not be sur- 
prising if that author, who was working on practically every bacterial plant 
pathogene then known and on other types of bacteria, for convenience 
adopted a name, and used for authority, the name of the man from whom 
he had obtained his cultures. Certainly, as late as 1891 Burrill had not 
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given a name to the organism, for on package No. 10527 of BnrrilPs material 
■is found the following data : ‘‘A bacterial disease of corn, described by Bur- 
rill but not named. On Zea mays, Urbana, 111., June 17,1891. C. P. C(lm- 
ton) Det. MeCluer, Coll.’’ This date is so close to the date of Russell’s pub- 
lication, 1892, that the explanation offered above for the origin of the name, 
or rather two names, seems plausible. 

The difference between the disease here discussed and Stewart ’s disease 
has previously been presented (14). 

TECHNICAL DESCRIPTION 

Phytomonas dissolvens (comb, nov.)^ 

(Pseudomonas dissolvens Rosen.) 

Non-motile, short, plump rods, 0.6 by I.Cm-; facultative anaerobe, acid and 
gas produced on various carbohydrate media; no spores; capsules present; 
colonies on nutrient agar plates white, round, entire, glistening, opaque, 
some strains emitting a strong putrid odor ; nitrates reduced to nitrites ; 
ammonia pi'‘oduced ; indol produced ; hydrogen sulphide not produced ( ? ) ; 
diastatic action marked; fair growth in Fermi’s and Uschinsky’s solutions; 
optimum temperature for growth 30°C. ; vitality on culture media com- 
paratively long; gelatin not liquefied; somewhat sensitive to drying, freez- 
ing, and sunlight; Gram negative; not acid fast. Pathogenic on Zea 
mays L. 


SUMMARY 

The bacterial stalk rot of corn has been reported from Arkansas, New 
York, North Carolina, Mississippi, Louisiana, Ohio, Illinois, North Dakota, 
and Arizona. 

The disease has been noted in Arkansas for 6 years and is considered 
to be serious during those periods of the corn-growing season when the 
rainfall and humidity are above normal. In the absence of high tempera- 
tures and humidity the disease is found to be entirely absent or of minor 
importance. 

5 If one considers the aim of classification to consist primarily of bringing together 
and grouping into genera all forms that are morphologically related, then the recent 
proposals brought out by the Society of American Bacteriologists (X) will be condemned; 
but if the similarity of physiological processes, rather than morphology, be considered 
the guide, then the new proposals will be accepted. It is the humble opinion of the 
wxiter that so little is actually known about the morphology as well as physiology of the 
S'^PPDsedly well known organisms, that almost any system which would be proposed is 
certain to be full of errors. The important thing for the present is agreement among 
bacteriologists on one system; otherwise, chaos in nomenclature is sure to rule. The 
recently proposed genus Fliytomona^, therefore, is being accepted. If Mignla’s classi- 
fication is followed, the combination should be BacteTium dissolvens (comb, nov.) ; and 
if Erwin F. Smith’s classification is used, the combination Aplanohacter dissolvens 
(comb, nov.) is suitable. 
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It is described as primarily affecting the stalks and leaves. Symptoms 
are as follows : (a) a light- or dark-brown rotting of bases of leaves, par- 
ticularly those at the base of the stalks; (b) a rotting of the lower portion 
of the stalk, the affected part being dark-brown, soft, putrid, and sunken 
in fresh infections. These may extend clear through the entire width ; or, 
as more frequently found, remain localized as dark, rotted spots with mar- 
gins appearing water-soaked. The disease consists of a localized necrosis of 
parenchymatous tissue. 

Attacked tissue is found teeming with bacteria, and more than 50 isola- 
tions are reported from such infections. Many successful artificial infections 
are also reported, including infections obtained in Hottes chambers in 
which accurate control of soil and air temperatures are obtainable. It is 
found that temperature plays an important role in disease inception and 
development. Below 20° C. no infections take place; between 20° and 
25° C. infections are few; between 30° and 35° C. the greatest number of 
infections result. High humidity is also found essential for infection. A 
correlation is noted between rapid succulent growth and disease suscepti- 
bilfty. 

Infections are found to take place through hydathodes, stomata, and 
through injuries resulting from the extrusion of endogenous roots, and 
from insects. 

The pathogene is described as a short, plump, rapidly growing rod, 
white in most culture media, and is considered to be closely related to 
Bacillus coli. Numerous cultural and physiological reactions are described. 
The pathogene is named Phytomonas dissolvens (comb. nov.). 

Agricultural Experiment Station, 

University of Arkansas. 
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EXPLANATION OP PLATES 
Plate XVII 

a — ^Natural infection at a lower node showing extreme necrosis and shrinking of 
diseased tissues and disjointed threads, representing remnants of the fibro-vascnlar bun- 
dles. Marked depression in nodal circumference due to destruction and collapse of paren- 
chymatous tissue. 

b — Artificial infections on Country Gentleman by means of needle pricks, the needle 
carrying pure cultures of the pathogene,* infections appear as small, dark brown, or 
blackish streaks and spots. 

c— Artificial infection on Mexican June field corn, in the form of a rotted internode, 
resulting from hypodermic injection of a pure culture of Phyt(ymonas dissolvens (checks 
injected with sterile water remained healthy). 

d — ^Natural infections on lower part of stalk, mostly in the form of localized spots, 
e — ^Typical specimen, representing sheath infections, left by Dr. Burrill in the her- 
barium of the University of Illinois and labeled by him, probably bacterial.^’ 

Plate XVIII 

a — Colonies of Phyt(yimmas dissolvent isolated from a rotted node, 48 hours old, on 
nutrient agar. Surface colonies whitish, opaque, buried colonies are much flatter and 
appear lighter. 
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b — Growth, on nutrient agar slant after 24 hours at 28° C. 

c— Growth of the corn pathogene along entire length of stab in nutrient agar, with 
a gas bubble shown in one. 

Plate XIX 

a — F. dissolvens stained by the Van Ermengem method for showing flagella. The 
streamer, connected to the rod on the extreme right, appears to be a flagellum, but, in 
view of the entire absence of motility in hanging drops of pure cultures, and in view of 
the extreme viscidity of certain strains, this and similar appearing structures are inter- 
preted as being part of the slimy matrix surrounding the individual rods. Magnified 
about 1,000 times. 

b — Artificial inoculation of P. dissolvens on Golden Bantam sweet com, showing 
relationship of stomata to infection. View represents an unstained, water mount of a 
tangential section of the cornstalk immediately below the soil line. Note the bacteria, 
appearing as a dark mass, in a cell adjoining one of the stomata, the two other stomata 
and their neighboring cells being normal. 

c — F. dissolvens stained with carbol-fuchsin. Magnified about 1,000 times, 
d — Corn pathogene stained to show capsules. This staining enlarges the organism 
considerably as compared to ordinary staining. Magnified about 1,000 times. 
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THE NATURE OP RESISTANCE TO POOTROT CAUSED BY 
ASCOCHYTA SP." AND SOME OTHER PUNGI IN THE 
EPICOTYL OP THE PEA 

Grace G. Gilchrist 
INTRODUCTION 

In the investigation by P. R. Jones (1) of the cause of failure of peas 
in certain parts of the United States, it was found that, in many dying 
plants, the base of the epicotyl and the upper portion of the taproot were 
decayed, sometimes to such an extent that the plant broke readily at this 
point. This type of injury is usually called footrot, to distinguish it from 
the more extensive decay of the root system called rootrot. Pootrot, or de- 
cay of the base of the stem, is not due to a single parasite, but may be 
caused by any one of several widely different parasites upon the pea plant. 
Among these are Ftcsarium martii var. pisi, Pythium species, Bhizoctonia 
solani Kiihn, and a species of Ascochyta. The fact that such a number of 
fungi find the base of the epicotyl, and even a limited region at the base 
of the epicotyl, more accessible to invasion than the upper portion of this 
iinderground structure, and more accessible than the taproot below, sug- 
gests that this region has some structural or other peculiarity which makes 
it easy of access to weak parasites. If the nature of this peculiarity can 
be discovered, and if it is found to be possessed unequally by different 
varieties of peas, making some more resistant to footrot than others, such 
finding will constitute a contribution to the studies of the nature of resist- 
ance of peas to disease, now in progress. Resistance of varieties, of peas 
to soil inhabiting parasites which accumulate in old pea fields and which 
undoubtedly include those producing footrot seems to have been demon- 
strated by field trials in Wisconsin, as well as by several investigators else- 
where. It is the object of the present study to determine whether certain 
varieties resistant in field trials are resistant to the typical footrot caused 
'bj Ascochyta sp., and to discover the factor or factors which render the 
base of the epicotyl easy of access to this, and perhaps the other, parasites 
causing footrot. 

I This is the ^ ^ Phoma-like ’ ’ fungus mentioned by Jones and Linford (2) as a cause 
of footrot of peas in Wisconsiu, Further study of this fungus is in progress to de- 
termine its relation to Ascochyta pisi Lib. 
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DESCRIPTION OP FOOTROT CAUSED BY ASGOCHYTA 

The fungus causing this disease enters the base of the epieotyl and 
from there spreads up and down through the cortical tissue. A dark brown 
lesion, triangular in shape, with the apex of the triangle pointing upward, 
is formed on the epieotyl. In slightly affected plants the fungus extends 
inward only as far as the endodermis, and there is no appreciable shrinking 
of the tissue. The fungus spreads downward into the taproot, but that 
organ is not usually seriously injured. In more severe cases the epieotyl 
is girdled, and there is considerable shrinkage of the tissues between the 
four strands of sclerenchynia, giving the injured stem an angular appear- 
ance. The taproot in this case is blackened, completely girdled, and may 
be severed. Here the vascular system is penetrated by the fungus. Pye- 
nidia are found on these lesions and also on the seedcoat (Plate XX, C), 

Lesions caused by this fungus are distinguished from those caused by 
Fmarnmi mai'tii var. pisi chiefly by their color, those caused by Fusarium 
being somewhat of a reddish brown. Lesions caused by RMzoctonia in this 
region of the epieotyl are usually more corroded and sunken in character 
than those caused by the Ascochyta (Plate XX). Lesions caused by Pytli- 
ium species usually are sunken, but are straw colored or very light brown. 
Lesions produced by these fungi hardly can be distinguished by form or 
difference in location. 

CHARACTERS OF THE EPICOTYL 

The epieotyl, that portion of the stem between the point of attachment 
of the cotyledons and the first node, in the pea resembles the root in many 
respects. It produces both root-hairs and secondary roots. As a rule, how- 
ever, these are formed, not at the ver^^ base of the epieotyl, but slightly 
above it. It is this hairless region which is most susceptible to attack by 
various parasites (Plate XX). 

The true root possesses a definite endodermis, but immediately above 
the base of the epieotyl this endodermis is not entire, and, progressing 
further up, it becomes less and less conspicuous. 

For detailed study of this region, material of the Alaska variety of pea 
was fixed in formal-alcohol (60 per cent alcohol— 96 cc., formalin 4 cc.). 
Parts of the same plant, placed in the same fixative, gave varying results. 
Portions of the stem above soil level fixed excellently, whereas with the 
epieotyl the outer layers showed considerable plasmolysis, although the 
inner tissues were well fixed. It seemed as if the alcohol of the fixative had 
withdrawn water from the epidermal cells of the epieotyl more quickly than 
from the epidermal cells of the second or third intemodes. 

Transverse sections of this material stained with Sudan III showed 
marked differences in the amount of cuticle in the aerial portions of the 
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stem and in the epicotyl. In the epieotyl itself a diminution in the cntie- 
ular development was observed in passing, towards its base. The difference 
ill the amount of cutin between the top and the base of the epicotyl sug^ 
gested that this might be a contributing factor in the resistance or sus- 
ceptibility of various varieties of peas. 

INFECTION RATING TO DETERMINE RELATIVE SUSCEPTIBILITY OF VARIETIES 

Since differences responsible for resistance are more easily recognized 
in the comparison of similar varieties, representatives of similar growth 
maturing at different seasons were chosen. Alaska and Rice^s No. 330 are 
both early varieties which mature at approximately the same time and are 
almost identical in appearance and habit of growth, the Rice ^s No. 330 
differing primarily in its disease-resistant character. Saxa is also an early 
variety, which, owing to its great susceptibility to all pea diseases, has 
been discarded by commercial growers. Horsford and Horal are dwarf 
varieties, Horal being a Wisconsin cross between Alaska and Horsford, 
recently developed and introduced as a promising disease-resisting type. 
The White Marrowfat and Black-eye Marrowfat are old horticultural varie- 
ties and are used chiefly for garden or field culture. Future reference to 
the resistance or susceptibility of these varieties will be made by R. or S. 
These varieties were grown in the greenhouse in Wisconsin soil tempera- 
ture tanks at approximately 18 in soil which had been inoculated with 
the Ascochyta. The infection rating, according to a method described by 
McKinney (3), was as follows: 


Susceptible varieties 

Resistant varieties 



Per 



Per 



cent 



cent 

Name 

Season 

infec' 

Name 

Season 

infec- 



tion 

j 


tion 

Saxa 

early 

64 

Rice’s No. 330 

early 

38 

Alaska 

early 

42 

Horal 

mid-season 

44 

Horsford 

mid-season 

48 

Black-eye Marrowfat 

late 

41 

White Marrowfat 

late 

50 





MICROCHEMICAL TESTS 

From the check plants in the above experiment, transverse sections were 
made of the epicotyl and stained with Sudan HI for cutin. The resistant 
varieties. Rice’s No. 330, HoraT and Black-eye Marowfat, showed a definite 

2 Experinients conducted in the Wisconsin soil temperature tanks to determine the 
most suitable temperature for the early development of the pea plant showed that the 
greatest increase in weight took place at 18° G. 
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cuticle in. the aerial parts of the stem. The reaction for cutin was less 
pronounced on passing towards the base of the epicotyl. However, at the 
level of the cotyledons, a slight amount was still present. 

With susceptible varieties there was no appreciable dilference in the 
cuticle of the aerial parts from that of the resistant varieties mentioned 
above, but, in passing towards the base of the epicotyl, the cuticle entirely 
disappeared. 

This variation in the amount of cuticle present in the susceptible and 
resistant varieties suggested a possible difference in the rate of drying of 
corresponding portions of the epicotyl. 

■ 

EXPERIMENTS TO DETERMINE THE RATE OF EVAPORATION FROM THE EPICOTYL 

The above seven varieties were planted in sand, with soil immediately 
below them, and placed in a greenhouse with an air temperature of 
18-20° C. At the end of seven days the plants were taken up, and the first 
internodes of twenty representative plants were selected. These were 
divided into three equal portions, base, middle and top. Records of the 
length and diameter of each portion were made. The latter measurement 
was read by means of a Zeiss micrometer gauge. 

In order to avoid evaporation from the cut ends of the portions, these 
were dipped into melted vaseline. Weighings were made every two hours 
for eight hours. In calculating the per cent loss of water from the sur- 
face of each portion, it was necessary to take into consideration the weight 
of the vaseline. The latter was obtained by weighing a filter paper, heating 
it, allowing it to absorb the vaseline from the cut ends, and then re-weigh- 
ing. The difference between these two weights gave the weight of the vase- 
line. Prom this data the actual weight of each portion was obtained. 

Table I represents the loss of water calculated as a percentage of the 
original weight. It will be noted that in every variety tested there was a 
greater loss in weight from the base of the epicotyl than from the top of 
the epicotyl. Also, in comparing the similar varieties, there was a greater 
loss from the base of the epicotyl of Alaska than from that of Rice’s No. 
330; more from Horsford than from Horal; and more from White Marrow- 
fat than from the Black-eye Marrowfat. Prom these results, together with 
the area of the evaporating surface calculated from the measured length 
and diameter of each portion, the amount of water evaporated from 100 
sq. cm. was calculated. The results thus obtained are shown graphically 
in figure 1. They show that there was a direct correlation between the 
rate of evaporation and relative . susceptibility to footrot among similar 
varieties. There was more evaporation from Alaska (S) than from Rice’s 
No. 330 (R), more from Horsford (S) than from Horal (R), and more 
from White Marrowfat (S) than from Black-eye Marrowfat (R). 
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DISCUSSION 

Several points of interest may be deduced from these results. In all 
the varieties examined, more moisture is evaporated from the surface of 
the lower third of the epicotyl than from the upper {bird. Tins result 




Fig. 1. Graphs representing the loss of water by evaporation at intervals of two 
hours. A direct correlation between rate of evaporation and susceptibility to pea f ootrot 
is shown. The rate of evaporation increases with the increased susceptibility of varieties 
and of the different portions of the epicotyl. 




274 


Phytopathology 


[VoL. 16 


TABLE 1 . — Summarised data of the rates of evaporation of different portions of the 
stem 071 the same pea plant and also the rates shown hy plants of varieties 
differ'ing in 7'elative suseeptihUity to fungous invasion^ 


Variety 

Water loss in per cent 

After 2 hours 

After 4 hours 

After 6 hours 

After 8 hours 

Mice’s No. $30 (B) 





Base 

22.3 

41.5 

60.1 

74.3 

Middle 

21.0 

37.0 

52.3 

64.2 

Top i 

16.7 

31.0 

44.1 

52.0 

Alas'ka (8) 





Base 

27.3 

50.9 

72.4 

85.5 

Middle 

20.4 

39.6 

54.6 

64.1 

Top 

17.5 

34.1 

49.0 

60.2 

Moral (B) 





Base 

to 

46.7 

58.1 

77.8 

Middle 

27.7 

51.8 

69.6 

80.4 

Top : 

18.1 

29.5 

49.3 

61.4 

Mors ford (8) 





Base 

32.6 

60.0 

79.7 

88.9 

Middle 

27.1 

51.5 

71.9 

84.6 

Top 

23.2 

44.4 

62.8 

77.1 

Blaok-eye Marrowfat (B) 





Base 

16.8 

32.7 

47.0 

59.2 

Middle 

16.5 

30.1 

43.9 

54,2 

Top ' 

13.9 

28.0 

39.7 

50.3 

White Marrowfat (S) 





Base 

20.1 

39.9 

56.1 

70.7 

Middle 

18.1 

33.2 

47.5 

60.6 

Top 

16.4 

29.3 

40.0 

50.0 

Sma (8) 





Base 

28.4 

52.4 

69.9 

80.5 

Middle 

29.3 

52.4 

69.6 

78.2 

Top 

26.5 

48.0 

64.4 

74.8 


a Note that in all eases the rate of evaporation increases from the more heavily 
cutienlarized top to the less heavily euticularized base. Note also, in comparing the 
relatively susceptible (S) and resistant (B) varieties as paired, that there is a direct 
correlation between higher rate of evaporation and the relative susceptibility of the 
variety. 


corresponds with that obtained by microehemical tests, and seems to point 
to the fact that the lower portion of the epieotyl is deficient in cuticle. 
Since cnticle consists of an unbroken lamella containing no cellulose fabric, 
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it forms an effective barrier against the penetration of most fungi. Con- 
sequently the lack or deficiency of it at the base of the epicotyl of the pea 
may account for the susceptibility of that region to numerous fungi. 
Again comparing Eice’s No. 330 and Alaska, both early season varieties, 
the loss of water after two hours from Eice’s No. 330 (E) was 22.3 per 
cent as compared with 27.3 per cent from Alaska (S) ; in the mid-season 
varieties, the loss from Horal (E) was 25.1 per cent as compared with 32.6 
per cent from Horsford (S) ; and in the late-season varieties, the loss from 
Black-eye Marrowfat (E) was 16.8 per cent as compared with 20.1 per cent 
from White Marrowfat (S). Whether the presence or absence of cuticle 
is entirely responsible for susceptibility or resistance is a difficult question 
to answer, but the above results clearly seem to suggest that there may be 
an important correlation. No variety of pea has been found to be immune 
to footrot, but those which are more resistant possess a thicker cuticle than 
those which are less resistant. The base is the most susceptible portion of 
the epicotyl, and it is this portion which develops the thinnest cuticle. 
Priestley (4) states that the difference between cutin of different plants is 
due in part to differences in their constituent acids, and in part to differ- 
ences in the external and internal conditions prevailing whilst these acids 
pass over into the form that they assume in the mature cutin lamella. 
Therefore the above results are relative, and should not be regarded as 
absolute. Consequently, should these experiments be repeated, the amount 
of water evaporated from the same varieties probably would not coincide 
with the above results, but the relative amount should be comparable. 

In the case of the Ascochyta footrot in plants which have been attacked 
but recovered, the fungus appears to have penetrated at the base of the 
epicotyl and traveled inwards as far as the endodermis. Here it seems to 
have met a barrier comparable with that of the' cuticle on the surface. 
Therefore an investigation of the endodermis in the pea plant as to its 
possible relation to disease resistance should give further interesting results. 

SUMMARY 

1. In previous investigation of the diseases of the garden pea, it has 
been observed that a group of parasitic fungi enter the base of the epicotyl 
more frequently than elsewhere in the underground stem or root. These 
fungi include a species of Ascochyta which causes a footrot of peas in 
Wisconsin. This paper presents the results of a search for the character- 
istics of this basal portion of the epicotyl which render it especially sus- 
ceptible to invasion, and for possible differences in susceptibility of this 
region in different varieties of peas. 

2. Microscopic observation and experiments on rate of evaporation have 
shown that the susceptible region at the base of the epicotyl is deficient or 
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lacking in a covering of cnticle. The middle and upper portions of the 
first internode show a thicker cuticle in all the varieties studied. 

3. Inoculations with a species of Ascochyta have shown that varieties 
of peas described as resistant in field trials are less injured by this fungus 
than are the susceptible varieties. Comparison of these varieties has shown 
that the resistant varieties have a better development of cuticle at the 
base of the epieotyl than do the susceptible ones. 

4. Prom this work it appears that deficiency or absence of cuticle at 
the base of the epieotyl is one of the conditions which make this region 
particularly susceptible to disease of the footrot type, and that varietal 
difference in susceptibility may be due in part to differences in the degree 
of euticularization of this region. 

University of Wisconsin, 

Madison, Wisconsin. 
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Description of Plate XX 

Photographs of pea plants showing lesions at the base of the epieotyl cstused by 
Bhizoctmvia solmii, Ascoohyta sp. and Fusarium martn var. pisi. 

A. Healthy pea plant. 

B. Pea plants attacked by Ehizoctonia solmi in the field. 

0. Pea plants attacked by Ascoohyta sp. — ^grown in inoculated soil in the green- 
house. 

D. Pea plants attacked by Fusarium martii var. pisi — grown in inoculated soil in 
the greenhouse. 








LITTLE LEAP DISEASE OP PECANS^ 


J. B. Demare E 

INTRODUCTION 

A disease of the pecan, here provisionally named ^Uittle-leaf,’’^ which 
is widely different from the commonly known diseases of this tree, was first 
observed by the writer in Ocean Springs, Miss., in 1920. The following 
year, pecan trees affected with the same disease were found in Gainesville, 
Pla. In 1924 the disease was observed on trees growing in yards in 
Biloxi, Miss. In addition to the diseased trees seen by the writer, affected 
leaves have been received from Darien and Savannah, Ga. Reports of 
''little-leaff ’ have come from two sources in Savannah. Dr. 0. P. Burger, 
University of Plorida, reports that he saw a pecan tree affected with this 
disease in Miami, Pla. ; and Dr. L. E. Miles, A. & M. College, Auburn, Ala., 
has informed the writer of the occurrence of 'Uittle-leaf ” on a pecan tree 
at Troy, Ala. Matz® undoubtedly observed the same trouble in Gainesville, 
Pla., in 1917. In his bulletin he illustrated what appears to be a typical 
case of pecan ^Uittle-leaf.^^ 

DESCRIPTION 

A normal pecan leaf is composed of from 11 to 15 leaflets and varies 
from 8 to 20 inches in length. The leaflets are falcate, oblong-lanceolate, 
serrate, and range from 3 to 6 inches in length. Leaves affected with the 
^ Uittle-leaf , ’ ’ as a rule, are composed of a reduced number of leaflets, occa- 
sionally as few as two (fig. 1) and averaging 8 or 9 to the leaf. The termi- 
nal leaflet is often absent on affected leaves, giving them an even number 
of leaflets. The shape of an abnormal leaflet varies from almost round to 
oblong, and lacks the sickleshaped and pointed apex, which is very charac- 
teristic of the normal leaflet. The apical portion is often dead, dry, and 
ragged. The serrations of diseased leaflets are also less pronounced than 
those of normal leaflets. In more accentuated cases, the leaflets are both 
shortened and narrowed, the width being reduced to about one-third inch. 
The leaf rachis is also reduced in length, and many leaves are only one to 

1 Paper read before Southern Seetion, American Phytopathologieal Society, meeting 
with the Association of Southern Agricultural Workers, Atlanta, Ga,, Feb. 3, 1925. 

2 The disease is known locally in south Mississippi as ^ ^ mouse-ear. 

3 Matz, J. Diseases and insect pests of pecans. Fla. Agr. Exp. Sta., Bui. 147 : 
135--163. 1918. 
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Fig-. 1. Pecan leaves affected with the ^ ^ little-leaf ^ ' disease. Note size and shape of 
leaflets in comparison with normal (lower) leaflet. Natural size. 
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two inches long, exclusive of the petiole. A slightly affected leaflet may be 
normal in size, the only visible symptom of the disease being the obtuse 
apex. . ■ 

Badly affected twigs are extremely short and slender, with intemodes 
correspondingly shortened (fig. 2). Buds on affected twigs are weak, 
undersized, and bluntly pointed. Those near the terminal end of the twig 
fail to develop. The general appearance of diseased buds and their fre- 
quent failure to resume growth the following spring indicate they are lack- 
ing in vitality. 

Some trees observed were so severely affected that all leaves produced 
on the trees were composed of leaflets of the extremely rounded and diminu- 
tive type. The disease in other trees may be found only on certain branches 
and will recur each year on the same limbs, other limbs of the same trees 
producing normal leaves and twigs. Badly affected trees do not bear nuts, 
and their growth is greatly retarded. The writer has evidence that some 
trees recover after one or more years, while it is definitely known that the 
trouble has persisted in others for a number of years.^ 

DISTRIBUTION 

It is remarkable that the disease is not known to occur under orchard 
conditions, but all cases so far observed have been in trees growing in gar- 
dens and lawns within city limits, and, with one exception (Troy, Ala.), 
confined to localities close to the Atlantic or Gulf Coasts. 'While no exten- 
sive study has been undertaken to locate the distribution of the ^'little leaf 
disease^’ of the pecan, in a general way it may be said to be present from 
Savannah, Ga., south to Miami, Fla., and west to Biloxi, Miss. It is be- 
lieved that the disease will later be found in many other towns, especially 
those situated near the Atlantic and Gulf Coasts. A larger number of 
affected trees are known to be in Ocean Springs, Miss., and Gainesville, 
Fla., than at other points. 

Hodgson^ reports a ^'little leaf’’ disease of deciduous fruit trees as being 
prevalent in California. This western type of ''little leaf” is eharacter- 
ized by the failure of the trees to leaf out at the normal time and, when 
they finally are formed, they are very small and narrow, and yellow in 
color. This condition may involve the entire tree or it may be confined to 
one or two limbs only. The appearance and effect varies somewhat on dif- 
ferent kinds of fruit trees. In the peach, this disease is characterized by 

4 According to Mr. Theo. Bechtel, pecan grower and nurseryman, Ocean Spring-s, 
Miss., one tree at least has been known to have been affected continuously for the past 
fifteen years. 

5 Hodgson, Robert W. ^ ^ Little leaf ” of deciduous fruits. Mo. Bui. Calif. State 

Comm, of Hort. 7: 529-532. 1918. 
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Pig. 2. Photograph of pecan twigs. Two on left affected with '^little-leaf.’^ Two 
normal twigs on right. ^ nat. size. 

brandies. In the walnut, the effect consists usually in greatly delayed leaf- 
ing out, the resulting leaves being small and decidedly mottled in 
appearance. 
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The cause of '^little leaf’’ of deciduous fruit trees in California is at- 
tributed to unseasonable climatic conditions, such as long, dry winters. 
There is a decided correlation, as reported by Hodgson, between the pres- 
ence of the California ''little leaf” and light sandy or arid soil. 

PROBABLE cause OF THE DISEASE 

Very little is known of the factor or factors which induce the develop- 
ment of pecan "little-leaf.” The temperature, rainfall, soil, and other 
environmental conditions are quite similar at all points w^here the disease 
is known or reported to be present. There has been no correlation ob- 
served between its prevalence and a deficiency of soil moisture, as is re- 
ported in the case of the California "little leaf ’’disease. 

There is no indication that the disease is transmissible, except that in 
two towns. Ocean Springs, Miss., and Gainesville, Fla., where the disease 
has been known to be present for a number of years, an unusually large 
number of diseased trees have been found. Two or three diseased trees are 
sometimes found on the same lot, garden, or lawn, but, in such cases, some 
condition of the soil may be the predisposing factor. Healthy trees are 
known to have stood within a distance of 50 feet of a badly affected tree 
for a period of from 12 to 15 years without showing any indication of in- 
fection. 

As the factor causing the diminutive leaves and slender twigs was 
thought by some growers to be in the branches, pruning the affected trees 
severely and burning the severed parts were tried in an effort to eradicate 
the disease. No favorable results were obtained: the new leaves growing 
from the stubs were diseased also. 

Matz® attributes the abnormal leaves to low temperature injury to the 
buds after they begin to swell. The writer has not observed any correla- 
tion between this condition of pecan leaves and the weather, and does not 
believe that the trouble is caused by late frosts, as suggested by Matz. A 
leaf trouble caused by frost injury would necessarily only affect those leaves 
appearing during early spring. But when a tree is badly affected with 
"little leaf,” even those leaves that are formed at the ends of growing twigs 
during mid-summer may have the reduced number of small round or oblong 
leaflets so characteristic of the disease. Then, too, frost would not likely 
cause this type of trouble in the same trees annually over a period of from 
twelve to fifteen years. The possibility of frost injuring the leaf buds on 
one or two limbs of a tree would be remote. Since the trouble has been 
found only in trees growing in the extremely fertile soils usually prevalent 
in old established lawns and vegetable gardens, it may be due to the action 
of some injurious soil substance there. 


6 Matz, J. IMd . 
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EXPERIMENTAL WORK 

The question arose as to whether the disease could be disseminated by 
using diseased scions or buds in propagation of nursery trees. During 
February, 1923, 24 scions taken from a badly diseased tree in Ocean 
Springs, Miss., were grafted on one-year-old nursery seedlings at Thomas- 
ville, 6a. Those twigs used did not have the vigorous, plump appearance 
of normal twigs. They had more the appearance of short, slender switches 
than vigorous, promising scions. The contrast is well illustrated in tig. 2. 
Although the grafting was done by an experienced nurseryman of many 
years ^ success, and special care was taken in placing and tying the scions 
on the stock, only 3 of the 24 lived. The growth resulting from these 3 
living scions was normal in everj^ respect. 

In July, 1923, an attempt was made to transmit the disease by budding. 
Twelve buds taken from diseased twigs were inserted in the twigs of young 
healthy trees. All of the buds except two died, and these produced normal 
vigorous branches. 

In April, 1924, 25 scions from a tree affected with ^'little leaf’’ were 
cleft-grafted in healthy hve-y ear-old trees. Remembering the failure of 
slender switch-like scions in the year previous, more vigorous appearing 
twigs were used. Those were selected, however, that showed signs of dis- 
ease as evidenced by the small blunt buds. As a result of this trial, 9 lived 
and produced healthy branches, while the remainder failed to grow. It is 
also worth while to record here that the contact of the scions or buds with 
the stock did not in any instance transmit the disease-producing element to 
the stock. While the attempts that have been made to transmit the disease 
to healthy trees cannot be considered as conclusive on account of the lim- 
ited number of trials made, the evidence suggests that the disease is not 
likely to be transmitted by the ordinary nursery propagating methods. 
During February, 1924, a six-year-old pecan tree located at Ocean Springs, 
Miss., that had been badly affected with ^dittle-leaf ” for three years previ- 
ous, was transferred by the writer ’s request to a point outside of the city 
and replanted in an Orangeburg type of soil in an environment approxi- 
mating field conditions. The tree continued to live and showed slight 
symptoms of ''little leaf” during the season of 1924. The tree was again 
kept under observation during the season of 1925, and not the slightest 
trace of the disease could be found. 

SUMMARY 

A disease affecting the leaves and twigs of the pecan tree has been under 
observation since 1920 and is here named "little leaf.” 

Affected leaves, as a rule, are composed of a reduced number of leaflets, 
averaging about eight to the leaf and sometimes reduced to two. Affected 
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leaflets are oblong or rounded, often with obtuse or notched apices, and 
frequently are greatly reduced in size. Affected twigs are slender, lacking 
in vitality, and the buds are small and blunt. 

This condition of pecan trees has been found in Savannah and Darien, 
6a., Gainesville and Miami, Fla., Troy, Ala., and Ocean Springs and Biloxi, 
Miss. The disease has been found only within city limits and never under 
orchard conditions. 

Unsuccessful attempts were made to transmit the disease by budding 
and grafting. A badly affected tree transplanted to a location approxi- 
mating field conditions entirely recovered. 

The cause of the disease is not definitely known. 

U. S. Department of Agriculture, 

Bureau op Plant Industry, 

Thomasville, Ga. 
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EELATION OF OXYGEN TO SPORE GERMINATION IN SOME 
SPECIES OP THE PERONOSPORALES 

B. K XJ P p A L 1 
INTRODUCTION 

Oxygen is considered one of the chief requisites in the process of germi- 
nation. It is well known that the seed of the phanerogam will not germi- 
nate if the requisite supply of oxygen is not available, even though suitable 
conditions of moisture and temperature prevail. It is also generally agreed 
that, in fungi where spores germinate by the production of a germ tube, 
the relation of oxygen to germination is essentially the same as in a germi- 
nating seed. However, the question arises, in how far does there exist in 
the conidia of the species of Phytophthora b. physiological similarity in 
regard to the processes of direct and indirect germination, in relation to 
the requirements of oxygen ? In other words, are we to consider the forma- 
tion of zoospores as a process physiologically similar to that of the produc- 
tion of germ tubes? Moreover, in how far is the relation of oxygen to in- 
direct germination a characteristic of other forms of the Peronosporales? 

Ward (5) considered that the liberation of zoospores was favored by the 
presence of free oxygen. Melhus (2) concluded that there was sufficient 
oxygen in the conidium of P'hytopht'ho7^a infestans to permit germination 
without the presence of free oxygen in water. Murphy (3) observed that 
the presence of yeasts and bacteria in culture arrested germination of the 
conidia of Phytophthora infestans. He seemed to think that the competing 
organisms used up oxygen in the water, thus retarding germination of the 
sporangia. He used various organisms to contaminate the cultures, and, 
judging from the similarity of results obtained, inclined to the view that 
the question of excretory products was not involved. The conflicting evi- 
dence as to the role of oxygen in indirect germination suggested that it 
might be profitable to attack this problem anew. 

TRIALS IN WHICH THE AIR WAS REMOVED WITH A VACUUM PUMP 

A series of experiments was planned to determine whether or not the 
conidia of PhytopMhora colocasiae^ germinate in the absence of oxygen in 

1 The writer takes great pleasure in expressing his gratitude to Professor I. E. 
Melhus, under whom, this work was done, for the many valuable suggestions and helpful 
criticisms given during the progress of this work. 

2 My sincere thanks are due to Br. William MaeBae, Imperial Mycologist to the 
Oovernment of India, and to Br. N. J. Oiddings, of the West Virginia Station^ for sup- 
plying me with cultures of the species of ThytopMhora. 
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the surrounding atmosphere. The first trials were made in an atmosphere 
from which the air had been exhausted by means of a vacuum pump. 
Microscopic glass culture slides, one by three inches, with two polished cir- 
cular concavities, each measuring 18 mm. in diameter and approximately 
1.75 mm. in depth, were used for growing cultures. Double distilled water 
was boiled to drive out any absorbed air, and cooled rapidly to the tempera- 
ture of the room. The coneavities on the slides were filled with the dis- 
tilled, cooled water, to which the spores were then added. The culture 
slides were placed in a desiccator over 200 cc. of boiled water. 

The desiccator was connected to a vacuum pump and exhausted, until 
the air within it had been so much attenuated that it could hardly support 
a six mm. mercury column. Exhaustion of the desiccator was continued 
for another five minutes. In a short time the water at the bottom of the 
desiccator, becoming agitated briskly, was changed rapidly into whter vapor, 
producing a misty atmosphere within. This water vapor helped to wash 
out the last traces of air in the desiccator, in which the vapor pressure was 
19.630 mm. of mercury at 22° C. 

The desiccator was placed outside on a window sill, on a wet, cool (iO- 
15 C.) night. Checks were made similarly in another desiccator, except 
that no air was removed. At the end of two hours none of the spores in the 
oxygen-free desiccator had germinated, while those in the checks had germi- 
nated profusely and zoospores were still being formed. 

The following day the same experiment was repeated. The desiccators 
were kept in a compartment of an automatically controlled refrigerator, 
registering 11-12 ° 0., and the cultures were examined after seven hours. 
Careful examination of the cultures in the oxygen- free desiccator revealed 
a few empty conidia but only one or two zoospores; probably the rest had 
disintegrated. 

At the end of the experiment the cultures to which a few drops of water 
were added (since they had almost dried up) were placed on a table at room 
temperature (22° C.) for 30 minutes. They were examined after this 
period, and many of the spores germinated and produced zoospores. Evi- 
dently, then, the conidia were not injured and had retained their power of 
germination. 

It was observed in the experiments just deseribed that, after an expos- 
ure of one hour or so to conditions within the desiccators, the culture drops 
had almost dried up. Naturally the idea suggested itself that this drying 
of the culture drops may have had something to do with the inability of the 
conidia to germinate in an oxygen- free atmosphere. To obviate this diffi- 
culty, Syracuse watch glasses, about two and one-half inches in diameter, 
were used in place of microscopic culture slides. 
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As in the previous experiments, double distilled water was boiled, rap- 
idly cooled, poured into the Syracuse watch glass to fill one-third of its 
volume and charged with the spores. The rest of the treatment was sim- 
ilar to that described in the previous experiments, except that two desic- 
cators were used, one of which was opened for examination after seven hours 
and the other after nine hours. 

When the cultures in the oxygen-free desiccators were examined zoo- 
spores were abundant, a few of which were still moving about rather slug- 
gishly. After about seven minutes at room temperature (24° G.) , most of 
the ungerminated conidia in the cultures had started forming zoospores. 

The following day the same experiment was repeated, but when the 
vacuum pump had so much attenuated the air within the desiccators that 
there was barely enough pressure to support a five mm. mercury column, 
exhaustion of one desiccator was continued for 12 minutes and that of the 
other for 25 minutes, after which they were stored in a refrigerator at 
11-12° C. for six hours. When examined after this period, almost 100 per 
cent of the conidia had germinated by zoospores. The experiment was re- 
peated with similar results. 

TRIALS IN WHICH OXYGEN WAS REMOVED FROM THE AIR IN THE DESICCATOR 

Although there was no doubt that exhaustion of the air from the desic- 
cators was as complete as could be obtained under the conditions of the 
experiment, it seemed advisable to remove the oxygen with an alkaline solu- 
tion of pyrogallic acid. 

In two trials two desiccators were set up with the spores of Phytoph- 
thora ooiocasiae sown in boiled, distilled water in Syracuse watch glasses. 
For the elimination of oxygen from these desiccators, an alkaline solution 
of pyrogallol was used, which was prepared in the two following ways: first, 
a solution of one part of pyrogallol in three parts of water was mixed with 
an equal volume of a solution of one part of potassium hydroxide in three 
parts of water. This solution, when freshly prepared, absorbs 10 times its 
volume of oxygen, and has been designated as Berthelot/s solution of pyro- 
gallol (6). Second, a solution was made with one gram of pyrogallol and 
100 ce. of 10 per cent potash-water for every 100 cc. of air space. This 
solution will be referred to in this paper as Mace’s solution of pyro- 
gallol (4). 

The desiccator receiving Berthelot’s solution of pyrogallol had enough 
reagent to absorb one and three-quarters times the volume of oxygen that 
was actually present in the air of the desiccator. The other desiccator 
which received Mace’s solution of pyrogallol had enough of the solution to 
absorb one and one-half times the volume of oxygen present in the air of 
the desiccator. Both the desiccators were allowed to stand at room tempera- 
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ture (24° C.) for 30 minutes before they were removed to a refrigerator at 
11-12° C., for the absorption of oxygen is very slow at temperatures below 
15° C., and it is also believed that when oxygen is absorbed slowly a large 
amount of carbon monoxide is produced (4). In this connection the author 
has made a number of experiments and has found that when desiccators con- 
taining an alkaline solution of pyrogallic acid were removed immediately 
to a refrigerator at 11-12° C. and allowed to stand there for from two to 
six hours, the gas inside the desiccators, tested by Orsat Gas Analysis Ap- 
paratus, usually showed from zero to two per cent of the volume of oxygen 
absorbed as carbon monoxide (1). 

The cultures from both the desiccators were examined after six hours, 
and approximately 100 per cent of the conidia had germinated to produce 
zoospores. Cheeks gave similar results. 

In another series of experiments two desiccators were set up, both re- 
ceiving Berthelot^s solution of pyrogallol for the elimination of oxygen. 
The reagent used was enough to absorb twice the volume of oxygen actually 
present in each desiccator. This amount was used as a precaution against 
accident. The desiccators were allowed to stand at room temperature 
(23° C.) for 30 minutes. One of the desiccators received no other treat- 
ment and was removed to a refrigerator at 11-12° C. ; the other was con- 
nected to a vacuum pump and exhausted, until there was brisk agitation in 
the alkaline solution of pyrogallol in the bottom of the desiccator. The 
desiccator was then removed to the refrigerator. Examination of the cul- 
tures after six hours showed zoospores as abundant as in the check. 

Another set of experiments was planned on the basis of the following 
hypothesis. If oxygen is essential for growth (as is generally accepted), 
and if direct germination is a form of growth, conidia of Phyiophthora 
colocasiae in an oxygen-free atmosphere and at 29° C., or at higher tempera- 
tures, should not germinate by tube. 

Two desiccators were set up, both receiving Berthelot’s solution of pyro- 
gallol for the elimination of oxygen. The reagent used was enough to ab- 
sorb twice the volume of oxygen actually present in each desiccator. After 
standing at room temperature (22° C.) for 20 minutes, one desiccator re- 
ceived no other treatment and was removed to a thermo-electric incubator, 
in which the temperature was maintained at 30-31° C. The other desie- 
eator was connected to a vacuum pump, the air exhausted in the usual man- 
ner, and the desiccator removed to the thermo-electric incubator. 

The desiccator from which the air was not exhausted but had received 
the alkaline solution of pyrogallol was incubated for 12 hours. Upon ex- 
amination it was found that the conidia in these cultures had not germinated 
during this period. The other desiccator, from which the air was exhausted, 
was incubated for 22 hours. Even in this case none of the conidia germi- 
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nated. In all checks the conidia germinated profusely by means of germ 
tubes. Direct germination, therefore, seems to require oxygen in the air 
around the spores. The experiment was repeated three times, with the 
difference that all cultures were examined after 24 hours. None of the 
conidia germinated, although checks always germinated well. 

EXPERIMENTS WITH SOME OTHER SPECIES OF PHYTOPHTHORA 

After having found that indirect germination in Phytophthora colo- 
casiae was not dependent upon free oxygen in water, an attempt was made 
to ascertain whether the same relationship holds in the other species of 
Phytophthora. Three additional species, Phytophthora infestans, P. 
palmivoray and P. parasitica, therefore were used. Phytophthora infestans 
and P. palmivora were grown on oatmeal agar, the former also being grown 
on cut potato tubers, Phytophthora parasitica was cultivated on cornmeal, 
which was prepared by adding to the meal sufficient water to keep the 
medium moist after sterilization. 

As in the experiments above described, Berthelot^s solution of pyrogallol 
was used to remove oxygen from the desiccators, which were then allowed 
to stand at room temperature for 20 minutes before they were connected 
to an electric vacuum pump to exhaust the remaining air. Exhaustion of 
the desiccators was continued for 10 to 15 minutes after the air had been 
so much attenuated that it could hardly support a six mm. rnereury column. 
The cultures were incubated at 11-12° C. for 18 hours. Examination after 
this period showed that zoospores had formed in all cultures in an oxygen- 
free atmosphere. All checks germinated well ; the percentage of germina- 
tion in cultures of Phytophthora infestans was about 50 per cent. These 
experiments were repeated three times at three different periods with essen- 
tially similar results. 

In another series of experiments with the three species of Phytophthora, 
Berthelot’s solution of pyrogallol was used to remove oxygen from the 
desiccators, which, however, were not exhausted by a vacuum pump. The 
results on germination were the same as in the previous experiment. 

EXPERIMENTS WITH SOME SPECIES OF PLASMOPARA, PERONOSPORA, SCLEROSPORA 

AND ALBUGO 

The peculiar response of indirect germination of the conidia of the 
species of Phytophthora to lack of free oxygen ai’ound the cultures was so 
interesting that it was deemed desirable to extend these observations to 
spore germination in the other species of the Peronosporales. Spore germi- 
nation in Albugo, Plasmopara, Peronospora md Sclerospora, was studied. 

The method of removing oxygen from the desiccators, in which cultures 
were placed, was the same as that employed in the above experiments. The 
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conidia of ScUrospora grmninicola, Flasmopara viticola and Albugo Can- 
dida failed to germinate in cultures surrounded by an oxygen-free atmos- 
phere. The checks always germinated well, except that in Albugo Candida 
germination of the conidia varied greatly, and was always less than 50 per 
cent. The conidia of Peronospom trifoliorum^ which germinate by the pro- 
duction of germ tubes, also failed to germinate in the oxygen- free desic- 
cators, 

DISCUSSION 

The experimental data above presented seem to indicate the following 
relationships of oxygen to spore germination in the Peronosporales : 1) ex- 
cept in PhytopMhora, direct and indirect germination of the spores of the 
species of the Peronosporales is dependent upon free oxygen, other condi- 
tions for germination being optimum; 2) in PhytopM\ora germi- 

nation is more or less a result of the effect of temperature, and is indepen- 
dent of the relation of oxygen, at least in so far as the atmospheric oxygen 
is concerned; and 3) direct and indirect germination are two different phe- 
nomena. The former is a type of growth, while the latter is nothing but 
the breaking up of the intersporangial protoplasm aroused to activity by 
the invigorating influence of temperature, into independent protoplasmic 
units, each unit being endowed with the same power of direct germination 
as is a conidium under certain conditions. 

That indirect germination in Phytophlhoi^a is independent of the rela- 
tion of free oxygen is contrary to the observations of Ward (5), Murphy 
(3), and others, who claimed for oxygen a stimulating influence upon this 
type of germination. However, the contention of Melhus (2) that ^‘free 
oxygen in the water is unnecessary for germination, and . . . the conidium 
contains within itself sufficient oxygen for germination,’’ seems worthy of 
examination. Granting that there is sufficient oxygen within the sporan- 
gium to insure its germination when placed in water and under the right 
conditions' of temperature, it seems difficult to explain why direct germina- 
tion, which seems to be dependent upon free oxygen, as is shown by the 
present author’s experiments, failed to occur when the cultures were placed 
in an oxygen-free atmosphere at 30-31° 0. Of course it may be argued 
that, in this genus, the requirements of oxygen for the two types of germi- 
nation are so different that, while the oxygen within the sporangium may 
stimulate one type of germination, it may be incapable of influencing the 
other without the aid of free oxygen in water. It is, however, for future 
research to show whether such is really the case. 

In arriving at the third conclusion that, in Phytophlhora, direct and 
indirect germination are two different phenomena, it may be questioned 
whether such a broad generalization seems warrantable from the experi- 
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mental data at hand. However, if we consider the material changes which 
occur in the process, of spore germination in general, it will be realized that 
the process with which we are dealing in indirect germination of the conidia 
of the species of Phytophthora is hardly comparable to the one which oc- 
curs, for example, in the rusts. Considerable amounts of organic food 
materials are stored in all spores. During germination the germ tube util- 
izes the stored food material and continues its development as long as the 
reserve food in the spore is available. If, however, the culture medium does 
not contain any food material, the germ tube is hindered in its development 
and ultimately starved to death. Now if we may look upon the formation 
of zoospores as nothing but the rearrangement of cytoplasm followed by 
cleavage, it will seem reasonable to assume that the products of cleavage, 
viz., zoospores, should retain the food material necessary to sustain the 
growth of germ tubes. But if we may regard the liberation of zoospores 
as a process comparable to the production of germ tubes, it will follow that 
the process of indirect germination has deprived the conidium of its stored 
energy (in the form of reserve food material), and the zoospores are in- 
capable of further development, just as a germ tube is, unless supplied with 
nourishment from the medium. But the zoospores, as we know, act as in- 
dependent protoplasmic units endowed with the same power of producing 
a germ tube and sustaining its growth for a short time that is possessed by 
a conidium. Evidently, then, a zoospore is a physiologic equivalent of a 
conidium insofar as its ability to produce and sustain a germ tube is con- 
cerned. The process of the liberation of zoospores in Phytophthara, there- 
fore, i^ not germination in the same sense as that process in a germinating 
rust spore; it is a process which prepares the conidium to multiply itself 
vegetatively, a fact very significant as an aid in the dispersal of the spores. 
A zoospore is, in fact, a sporangiospore, and the process which gives rise to 
it is the formation of sporangiospores. 

It is very important to note that the process of indirect germination in 
PhytopMhora is not the same as that in the other genera of the Perono- 
sporales. Im what ways a change in the physical influences of the sur- 
rounding medium will affect the complex material system within a sporan- 
gium of a species of Phytophtha7*a and not that of the other genera of the 
Peronosporales is not yet easy to comprehend. It may be that the cleavage 
of the protoplasm in the sporangia of PhytopJithom is more complete than 
in the other genera of the Peronosporales, so that the attempt on the part 
of a sporangium of this genus to throw out a part, or the whole, of its cyto- 
plasm takes much less energy than is required in the other genera. It 
should also be mentioned in passing that it would be of great significance 
to examine some species of algae in order to determine whether the forma- 
tion of zoospores in sporangia is influenced by the presence or absence of 
oxygen around the cultures. 
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SUMMARY 

Gonidia of Phytophthora colocasiae under proper temperature condi- 
tions were able to form zoospores in cultures from wbicb the air had been 
exhausted by means of a vacuum pump. They also formed zoospores in 
cultures from which the oxygen was withdrawn by alkaline solutions of 
pyrogallic acid. 

Indirect germination also occurred in the case of conidia of PKytopJi- 
thora infestmsy P. palmivora, and P. parasitica in the absence of oxygen. 

Direct germination did not occur with the conidia of any of the species 
of Phytophthora used, when oxygen was excluded from the cultures. 

The conidia of Albugo Candida, Plasmopara viticola, and Sclerospora 
graminicola, which germinate indirectly, as well as the conidia of Perono- 
spora parasitica and Peronospora trifoliorum which germinate directly, re- 
quired the presence of oxygen for germination. 

Direct and indirect germination are two different phenomena, the for- 
mer being a type of growth, the latter a mere breaking up of the protoplasm 
into independent units. 

Iowa Agricultural Experiment Station, 

Ames, Iowa. 
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BXOBASIDIUM CAUCASICUM WOEONICH. in TRANSCAUCASIA 

AND KAMCHATKA 

N. N. W 0 E 0 N I C H I N 

W. Tranzschel, in a personal conversation with me, expressed the sup- 
position that the fungus, Exohasidmm caucasicum, found on the leaves of 
Bkpdodendron caucasicum Pall, at the top of of the Zchra-Zkaro (Trans- 
caucasia), and described by me (12), is possibly identical with the speci- 
mens of Exohasidium collected by the Academician, V. Komarov, in Kam- 
chatka on the leaves of Ehododendron chrysanthum Pall.^ and determined 
by W. Tranzschel as an Exohasidimn pentasporium Shir. (11, p. 570). 
Therefore I again looked through the material of Exolyasidium caucasicum ^ 
from Kamchatka, collected by the Academician V. Komarov, and the speci- 
mens of Exohasidium pentasporium Shir., collected on Rhododendron 
rhonibicum Mig. in Nicco, determined by the author (from the herbarium 
of the Section of Mycology and Phytopathology, A. A. Jaczewski) and by 
others on the Rhododendron sp. from the collection of Samurai in the her- 
barium of the Botanical Museum of the Academy of Sciences, Tokyo. 

I regret that it was impossible to study the structure of the basidia and 
spores (the latter, according to the description, are similar in dimension and 
shape to those of Exohasidium caucasicum) of the last two specimens be- 
cause of the poor conservation of the hymenium of the parasite ; but com- 
paring the diagnostic description and drawings of Shirai (7, p. 53, PL IV, 
fig. 18-19), with the external aspect of the infection, it was possible to de- 
termine the undoubted difference between my Exohasidium and the fungus 
of Shirai, which may be seen from table 1. 

Concerning the specimens from Kamchatka, they are identical with 
mine as to the exterior ^ aspect of the infection and also as to the microscopi- 
cal characters. I succeeded in observing but little difference as to the 
dimensions of basidia and basidiospores. The basidia of the specimens 
from Kamchatka measured 42-52 x 7-10 against 39.6-42.9 x 6.6-8.8 m- of 
the specimens from Transcaucasia, but the basidiospores of the speci- 
mens from Kamchatka measured 14-17.5 x 5-5.5 M-, so that they scarcely 
differed from those of the Caucasian forms, the dimensions of which are 
14-16.5 X 5 M-. The number of spores on the basidia of the fungus from 

l&beled ^^Mxo'basidium pentasporium on 'Rhododendron chrysan- 

thum Pall. Kamtchatka, from Petroparlovsk to Kamtschakta Mt., near the vil. Gaiial: 
the suhalpine zone. June 18, 1909. Lg. V. Komarov. 
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Kamchatka was 4, while their shape is identical with that of Exohasidium 
caucasicum. It was often observed that the spores are septate and that 
they bud, producing fusiform conidia with little oil drops at the ends; the 
conidia are somewhat larger than those on the Caucasian specimens, reach- 
ing 7-10 X 1.75-3 M-, mostly 7 x 1.5 compared with 5 x 1.5 in the diagnosis 
oi Exdbcmdium caucasicum. 


TABLE 1.— Comparison of Exohasidium caucasicum and Exchasidium pentasporium 


Structure 

Exohasidium caucasicum Woronich. 

Exohasidium pentasporium Shir 

HTmenium 

Constantly dispersed on the lower 
surface of the young leaves. 

In most cases in patches, more 
seldom dispersed on the lower 
surface of the leaves of differ- 
ent age, sometimes leaving 
their margin free. 

Basidiospores 

4, seldom 2-3 

4-6, commonly 5. 

Branches 

Does not form witches^ brooms’^ 

Forms ^ ^ witches ^ brooms ^ ^ 

Host plants 

Eurhododendron 

Azalea and Tsusia. 


The discovery of my fungus on Rhododendron chrysanthum in Kam- 
chatka, seems to me, clears up the question of the origin of the Caucasian 
Rhododendron. 

Prof. N. Kusenezow presents the history of the genus Rhododendron in 
Caucasia as follows: Concerning the other Ericaceae of the Flora Cau- 
casica, they probably have developed in the Caucasus in the post-tertiary 
time and can be considered as . . . the further development of the tertiary 
types of Caucasia, e.g., Rhododendron caucasicum, R. ungernii, R. smirnovii 
and others, which changed after the tertiary time and became adapted to 
the new climatic environment in Caucasia after the ice period.'^ (3, p. 
xi.) Such an ancient tertiary type of Rhododendron in Caucasus is Rhodo- 
dendron ponticum L. according to Kusnezow, an ancient type, near to 
the original tertiary form of the Caucasian Rhododendron, or, perhaps, 
identical with one of them. From such an ancient type, on the boundaries 
of Colchids and Armenia, probably came the endemical Caucasian Rhodo- 
dendrons, R. ungernii Trautv. and R. smirnovii Trautv. Prom the same 
type, R. caucasicum Pall, arose in the mountains of Caucasus, and R. chry- 
santhum Pall, in the mountains of Siberia. The ancient type itself, i.e., 
R. ponticum, has remained in Colchid.’’ (3, p. 13.) 

The fact of the parasitism of Exohasidium caucasicum on Rhododendron 
chrysanthum on the one hand and its occurrence on one species of the Cau- 
casian Rhododendrons, namely R. caucasicum, on the other hand does not 
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quite agree, I believe, witli the aforementioned description of the genesis of 
the group of Rhododendrons in Caucasia. 

In fact, excluding the possibility of transferring the parasite by atmos- 
pheric currents in the present, or even at a more ancient time, and recogniz- 
ing our representative of the gemis j^o^ob asidmni as an ancient type of 
fungus, it would be natural to find it parasitizing the primordial species of 
Bhododendron m the closely related species, B. ponticum L. 

Such eases of parasitism of Exolasidium cmcasicum on B. ponticum 
have not been observed up to this time, although this fungus is not rare in 
Transcaucasia and is often found, as evidenced by N. Troitzky's and my 
own observations. 

I think that the facts of parasitism and the extreme resemblance be- 
tween B. caucasicum and B. chrysanthum shown by Maximowicz (4, 
p. 21) ; the similar ecology of the two species; and a somewhat taxonomic 
separatism of B. caucasicum from the other two species of this genus, 
known in Caucasus,^ admit the endemism (or more exactly hemiendem- 
ism) of B. caucasicum 2 iS not equivalent to the endemism of the other 
two endemes of the genus Bhododendron in Caucasus. It seems to me pos- 
sible to admit the migration into Caucasns of B, chrysanthum as such dur- 
ing one of the ice periods, perhaps together with the other fourteen emi- 
grants from the high mountains of Asia as enumerated by Kusnezow (3, 
p. xxi). In its new habitat this species could be the progenitor of the 
contemporary J?. caucasicum in the same manner as the arctic species of 
Gentiana hSiYc formed their separate races in Caucasus (3, p. xxvii). 

The example, described by me, of the parasitism of Exoiasidium cau- 
casicum on two closely related, although geographically separated, species 
of Bhododendron recalls an analogous case, stated by Raciborski, which 
gave to this author the opportunity of expressing the following considera- 
tions concerning the particular occurrence of Azalea pontica L. (otherwise 
esilled Bhododendron flavum Don.) in Eurasia. This bush is known to 
grow in the Caucasus, in Asia Minor, in the North of Volhynia near 
Ovruteh, and in the year 1909 it was found also in the forest of San- 
domir. In the latter country Raciborski has found in abundance on the 
leaves of the parent fungus, Exotasidium discoideum Btlh, iox the 

first time described in America on the related species of Azalea viscosa L. 
An almost identical iorm of thmimigus, Exol) asidium discoideum var. lior- 
vathianum Thom., has been found on the leaves of Azalea pontica L. in 
Caucasus. 

2 ’Rhododendron wigermi and R. smirnovii can be pnt between R. ponticum and 
R. caucasicum^ Prof. Kusnezow, p. 22 of the publication cited, says: ^^Tlie position 
of Rhododendron ungernii and R. smirnovii between R. ponticum and R. caucasicum as 
well as their geographical distribution give some reason for supposing that these two 
new forms are a hybrid of secondary generations. 
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Azalea pontica L., and Azalea viscosa L., correspond taxonomically 
with the representatives of the group ^'Azaleae geniiinae/’ which grow 
in greatest abundance in North America and only a few of which ocur in 
the East of Asia. The relationship of the North American Azaleae and 
Azalea pontica, according to Eaciborski, is demonstrated by the parasitism 
of the above mentioned Exohasidium, which undoubtedly developed on the 
primordial native Azaleae and has extended from there together with the 
different species of Azaleae in North American and Enrasiatic countries. 
Eaciborski assumes that there could have been during the Myocene such a 
center of development of Azaleae in the extreme North, from whence the 
species extended to the South, in the direction of the meridians. It is in- 
teresting to remark that on the leaves of Azaleae in the forest of Sandomir, 
Eaciborski found also the other form of Exobasidium whose independence 
from Exobasidium discoideum Ell. he doubted (5, p. 391). This fungus 
was insufficiently described later by Eaciborski in My cotheca polonica’^ 
under the name Exobasidium dubium Eac. (nomen nudum) (6, p. 1172).-^ 
At the same time this fungus was found by some other explorers in Anatolia 
and in Transcaucasia; a little later it was found in several countries of 
western Transcaucasia. In the Caucasian lists, the fungus was designated 
as Exobasidium sp., and in the work of Bubak as Expbasidmm vaccinii 
(Zul.) Woronin. Forma. Bhododendri flavi. Bub. (1, p. 101). In the year 
1913 the organism was thoroughly studied by me and named Exobasidium 
magnusii (13, p. 15). And so this species forms, as to its occurrence, a full 
parallelism with Exobasidium discoideum Ell., but apparently has not been 
observed in America up to this time. 

Although these parallel but geographically separated forms of Exoba- 
sidium are fixed by me under three specific names, nevertheless it is possible 
that in each of these three species a more detailed study will establish 
morphological differences in accordance with the geographical distribution. 

The measurements mentioned by me in the beginning of this treatise 
show in fact some unimportant differences in the dimensions of basidia and 
conidia, on the species of Caucasian and Kamchatkan Exobasidium cau- 
casicum. The statement of Eaciborski (5, p. 388) for the Exobasidium 
dubium differs a little as to the dimensions of basidia from the Caucasian 
Exobasidium magnusii, but, according to the information of Thomas (10, 
p. 305) the Caucasian specimen of Exobasidium discoideum differs from 
the American species by the still smaller dimensions of basidiospores which 
compelled the author to designate the Caucasian form under the name, var. 
Jiorvathianum. I am sorry I could not find in the literature exact informa- 

3 specimen labeled Bxolasidmm dubium Eac. (Bxobasidium sp. Eaciborski Azalea 
pontica 1909, p. 398, fig. 2.) Na lisciacb Azalea pontica w Woli Zarzyckiej w pnszczy 
Sandomierskiej. 20/6. 1909 Zb. M. Eaciborski. 
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tion as to the dimensions of basidia and basidiospores of Exohasidium dis- 
coideum (5, p. 385, 8, p. 665, 9, p, 538). Bnrt (11, p. 645) gives the dimen- 
sions of the basidiospores only. 

In general the question of the existence of morphological differences be- 
tween the geographically isolated pairs of Exohasidium needs special study, 
but it is not improbable that in this case we have to deal with three pairs 
of elementary species, which differ in their distribution and in some un- 
important morphological characters. 

Jaczewski Institute of Mycology and Phytopathology, 

Leningrad, Eussia. 
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TRANSMISSION OF POTATO SPINDLE-TUBER BY CUTTING 
KNIVES AND SEED PIECE CONTACT^ 


R. W. G 0 s s 
INTRODUCTION 

The spindle-tuber disease repeatedly has been found to increase more 
rapidly in certain infected seed stocks in Nebraska than could be accounted 
for by the presence of known insect carriers in the field. While this in- 
crease in the disease possibly might be due to the presence of undeter- 
mined insect carriers, it was thought that seed piece contact and the cut- 
ting knife might serve as a means of transmission. The only reported at- 
tempts to secure infection in this way, with which the author is familiar, 
were made by Schultz and Folsom,^ who report that they were unable to 
infect healthy tubers by means of the cutting knife in a limited number 
of tests. They also found that juice from infected tubers was not as 
virulent as juice from the green parts of the plant when leaf mutilation 
inoculations were made. The results would indicate that the infectious 
principle may not be in an actively virulent condition in the tuber, but we 
know, on the other hand, that infected tubers usually produce infected 
plants and that tuber grafts usually give a high percentage of infection. 
Tuber inoculations made by the author with plugs of infected tissue in- 
serted into healthy seed pieces always have given a high percentage of in- 
fection. It appears then that the infectious principle present in the tuber 
is in a virulent state and capable of causing the infection of healthy seed 
pieces. 

No attempt was made in this work to distinguish between spindle-tuber 
and unmottled curly dwarf as the symptoms of these two diseases have not 
been clearly differentiated on the Bliss Triumph variety. It is possible that 
unmottled curly dwmrf as described by Schultz and Folsom was present in 
these tests. 

A preliminary test was made in the greenhouse by cutting a healthy 
tuber into 4 seed pieces and inoculating 3 of them by rubbing the freshly 
cut' surfaces with spindle-tuber seed pieces two or three times. The 4 seed 

1 Published with the approval of the Director as Paper No. 15, Journal Series, of 
the Nebraska Agricultural Experiment Station, Lincoln, Neb. 

2 Schultz, E. S, and D. Polsoni. Infection and dissemination experiments with de- 
generation diseases of potatoes. Observations in 1923. Jour. Agr. Res. 30: 493-528. 
1925. 
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pieces were planted in separate pots. All 3 inoculated seed pieces produced 
spindle-tuber plants, and the new tubers showed the characteristic symp- 
toms of the disease (Plate XXI, A). The control seed piece produced a 
healthy plant with normal tubers. 

EXPERIMENTAL METHODS 

Furthei^ tests were made in the field in 1925, using both contact and 
knife inoculations. Healthy tubers were halved ; one half was cut into 2 
quarters with a knife disinfected in lysol, and these quarters were used 
for controls. An infected tuber was then cut in half with another knife, 
and this knife rubbed once across the freshly cut surface of the healthy 
half tuber and then used to cut it into 2 quarters. The procedure with the 
contact inoculations was similar, except that a sterile knife was used on 
each tuber and 2 of the quarters were\ rubbed once or twice with the 
freshly cut seed pieces of infected tubers. The inoculated seed piece, the 
healthy control from the same tuber, and the diseased control used as the 
source of inoculum were planted opposite each other in 3 rows, the healthy 
controls in the middle row. All the’ seed pieces were planted immediately 
after inoculation. The soil was moist, and conditions were ideal for sprout- 
ing. The plot was sprayed with Bordeaux'. mixture, containing both lead 
arsenate and nicotine sulphate, as often as necessary to keep out insects. 
Emergence records were taken and notes made every ten days. The 
progeny of each hill was harvested separately so that both yield and tuber 
symptoms . of each inoculated i:)lant: could be compared with its healthy 
and diseased control plant. Fifty plants for each method of inoculation 
were grown in each row. The Bliss Triumph variety of potatoes was used 
in all the tests. 

RESULTS 

No differences were noted between the inoculated and healthy plants 
as to time of emergence; and the diseased controls sprouted almost as 
rapidly, probably owing to the ideal soil conditions' at planting time. 

The symptoms of the disease appeared on the spindle-tuber controls as 
soon as the plants were large enough to enable the symptoms to I be dis- 
tinguished. The inoculated plants which became infected had clearly ob- 
servable symptoms of the disease a month after emergence. 

Ten of the healthy control plants in each plot had symptoms of the 
disease both in the tops and the tubers; these' plants, with the correspond- 
ing inoculated plants which were all infected, were discarded and not con- 
sidered in the data from which table 1 was compiled. 

As seen in table 1, infection was obtained by both methods of inocula- 
tion (Plate XXI, B and C), but a larger percentage of infection resulted 
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from the contact inoculation. All the plants listed as infected had the 
disease symptoms appearing on the tops, and the degree of severity' of the 
symptoms on the tops corresponded with those on the tubers. The infected 
plants had a smaller total yield than thei healthy controls, the average of 
both tests being only 52 per cent of the yield of the controls. There was 
also a smaller percentage of marketable potatoes from infected plants, both 
tests averaging only 42 per cent of the controls. 

In addition to the infected plants listed in table 1, 19 plants, or 47.5 
per cent of the inoculated plants in the knife inoculation test, and 18 plants, 
or 45 per cent of the contact inoculations, were questionable spindle-tuber. 
These plants showed some symptoms of the disease in the field, and the 
tubers were not entirely normal. The total yield per plant was only 83 per 
cent, and the yield of No. 1 tubers only 77 per cent of that of the healthy 
controls. The symptoms of the disease were not distinct enough to group 
them with the infected plants, although undoubtedly most of them would 
produce distinct spindle-tuber plants the following year. 

There were thus only 8 plants, or 20 per cent of the plants inoculated 
with the cutting knife, which remained healthy on the same basis as the 
healthy controls, while only 3, or 7.5 per cent of the contact inoculations, 
remained healthy. 

As stated above, 10 of the 50 controls showed typical spindle-tuber and 
were not considered in the above data. The corresponding inoculated plants 
also showed the disease, but in a more severe form ; the yield was only half 
that of the infected controls, and the tuber symptoms were much more 
severe. It is possible that this may have been due to the additional inocu- 
lation of these infected seed pieces. 

The contact inoculations not only gave a higher percentage of infection 
than the knife inoculations, but also resulted in more severe symptoms of 
the disease. The yield per hill was much less, and the symptoms on the 
tubers were more severe, as shown in table 1. This probably was not due 
to the method of inoculation, however, as the spindle-tuber controls also 
show the same differences. The half of the rows in which the contact inocu- 
lation set was grown received a little more irrigation water, and the soil 
moisture content was undoubtedly higher throughout the season. This is 
evidenced by the comparative yields of the healthy controls, which were 100 
to 200 grams per hill higher in the well watered part of the plot. It is 
known that a high soil moisture content tends to increase the severity of the 
tuber symptoms of spindle-tuber, and the above differences probably can be 
accounted for on this basis. 

discussion 

The chief sources of error in an inoculation experiment of this type are 
reduced to a minimum in the experiments here reported. The possibility 
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of the original seed tubers being infected is hardly plausible when the pres- 
ence of disease in the inoculated row is between 30 and 50 per cent, with the 
controls from the same tubers remaining healthy. The possibility of cur- 
rent season infection would hardly account for the results, inasmuch as the 
control row was planted between the inoculated and diseased rows and all 
doubtful controls were discarded along with the plants from the corre- 
sponding inoculated seed pieces. 

We must therefore conclude that spindle-tuber can be transmitted by 
cutting, knives and by contact of freshly cut seed pieces. It is possible, also, 
that a picker planter could setve as a means of transmission. No evidence 
is at hand, however, to prove whether or not this actually occurs in practice, 
but the author can see no reason why the disease could not be spread in 
this way. 

If this means of transmission is proved to be a factor in the spread of 
the disease, it will call for additional control methods. The sterilization of 
cutting knives is impraeticaly but the very rigid sorting out of all spindle- 
tuber seed before cutting would decrease this danger. It is possible, also, 
that healthy seed pieces which have come in contact with infected ones or 
with cutting knives used to cut infected tubers could be treated after cut- 
ting with a disinfectant and the control of the disease be increased in this 
way. , - ; 

' ■ SUMMARY ' 

Evidence is presented here which shows that the .spindle-tuber disease of 
potatoes may be transmitted by cutting knives and by contact of freshly cut 
seed pieces. The results of the experim&ts may have an important bearing 
on methods of control. 

Nebraska Agricultural Experiment Station, 

Lincoln, Nebraska. 

Explanation op Plate XXI 

A. — -Results of inoculations in the greenhouse made by rubbing .together the freshly 
cut surfaces of spindle-tuber and healthy seed pieces. Tubers 1 and 2, progeny of 2 
inoculated seed pieces. Tuber 3, progeny of healthy control from the same tuber as 
1 and 2. Tuber 4, progeny of spindle-tuber seed used as the source of inoculum. 

B. — Plants and tubers from Cutting-knife inoculation test in the field. Plant 1, 
spindle-tuber control from seed used as source of inoculum; Plant 2, healthy control 
from same tuber as Plant 3, which was grown from a seed piece inoculated by cutting 
with a knife used to cut the seed piece for Plant 1. 

0.— Progeny of seed-pieee-contact inoculation test in the field. 1, progeny of 
spindle-tuber seed piece used as source of inoculum; 2, progeny of healthy control seed 
piece; 3, progeny of inoculated seed piece. The healthy control and the inoculated 
plant were from seed pieces from the same tuber. 




THE PUSARIOSIS OP CEREAL CROPS IN EUROPEAN 
RUSSIA IN 1923 

M. D O U N I N 

PUSARIOSIS OP SMALL GRAINS 

The summer of 1923 was extraordinarily rainy and it had many cloudy 
days. This probably accounts for the widespread prevalence of fungi of 
the genus Fusarmm Lk. on the cereal crops of Russia. Numerous specimens 
obtained from different parts of the country give reason to believe that 
this fungus was disseminated in 1923 over a very considerable territory, 
the western boundary of which almost coincides with the western boundary 
of Russia. The western boundary is about the 52d meridian (from Green- 
wich) ; whereas the northern and southern boundaries extend from about 
the 62d to the 54th parallels, respectively. 

In different localities of this region the percentage of infected grains 
varied considerably. It diminished southward and eastward. Most of the 
infected specimens were obtained from the region between Lake Ladoga 
and Lake Onega, and also- eastward from the latter, covering the territory 
between the 32d and the 35th meridians east longitude and the 62d and 
60th parallels north latitude. 

In connection with the extraordinary prevalence of Fiisarium roseum 
Lk. on rye, it was observed that the bread became poisonous (Inebriant 
bread). People who ate it suffered from weakness, vertigo, headache, 
nausea, and vomition. Table 1 shows the percentages of infected kernels 
in the specimens obtained from the region designated above. Besides the 
unusually high percentages of infected kernels, table 1 also points out that, 
in most of the infected grains, the fungus v/as found in a dead condition. 

The above specimens were examined under the microscope immediately 
after the grain was harvested, and the infected kernels were then kept in a 
moist chamber for a period of from seven and one-half to eight months. 
If the cereals had been kept in the usual way so considerable a number of 
Pusaria (average 65 per cent) would not have died. 

By studying the ^'biography/’ of each specimen we found out that the 
only way in which the Pusaria could be killed without damaging the grain 
was by drying the grain before threshing. The peasants of the above-men- 
tioned region dry their grain in drying-sheds built especially for this pur- 
pose. These sheds are heated by stoves without chimneys. The sheaves’ 
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are put in the drying sheds and kept there for 12-18 hours at a temperature 
of <rom 46 to 54° C. The effect of the heat on the Fusaria is probably 
enhanced by such products of combustion as HCOH, SO 2 , CO, etc., because 
of the absence of chimneys and because the door is kept tightly closed until 
the fuel is wholly burnt up. 

Experiments were undertaken which showed that, after drying the grain 
in the described manner, a large percentage of the Fusaria were dead. It 
is possible that, under certain conditions, the drying-sheds may become a 
means of control against the fusariosis of cereals. 


TABLE 1. — The percentage of Fusarium-infeetion in grain crops in European Mussia 

in 1923 


Specimen 

number 

Infected 

crop 

Percentage of infected kernels 

Total 

Percentage of kernels with 
viable Fusaria 

Percentage of 
kernels with 
dead Fusaria 

Before chemical 
disinfection 

After chemical 
disinfection 

1 

Oats 

17 

1 

0 

16 

2 

Rye 

92 

30 

0 

62 

4 

Eye 

56 

12 

1 

44 

5 

Barley 

90 

7 

3 

83 

6 

Rye 

91 

1 

2 

90 

1. 

Oats 

27 

16 

12 

11 

8 

Rye 

100 

1 

0 

99 

9 

Rye 

90 

19 

8 

71 

10 

Oats 

89 

30 

16 

59 

11 

Oats 

89 

10 

5 

79 

12 

Bye 

77 

6 

2 

71 

13 

Rye 

92 

10 

5 

82 

14 

Rye 

80 

35 

17 

45 

Average 


73 



65 


An investigation of the degree of infection was undertaken. It has been 
shown that many, if not most of the kernels, are infected with Fusaria after 
harvesting when the sheaves are kept in shocks set up in the field. 

The mycelium is found mostly in the superficial strata of the kernels, as 
oftentimes has been noted by many authors. A careful study of the char- 
acter of mycelial distribution in the superficial strata of the kernels has 
shown that, in the specimens examined, the mycelium is not uniformly dis- 
tributed. Most frequently it was found in the ends of the kernels, as is 
illustrated in table 2. 
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If we assume that the brash end of the kernel is not a good infection 
court during the ripening period and, in general, previous to harvesting, 


TABLE 2 . — The 'percentage of Fusariu7n-inf ection in different parts of gram 'kernels 


Specimen 

number 

Percentage of infection 

Differences between 

Entire 

kernel 

Brush end 
of kernels 

Middle 
portion of 
kernels 

Germ end 
of kernels 

3 and 

4 

3 and 

5 

5 and 

4 




CD 





2 

92 

92 

66 

90 

26 

2 

24 

4 

56 

56 

44 

44 

12 

12 

0 

6 

91 

91 

82 

91 

9 

0 

9 

8 

100 

100 

89 

66 

11 

34 

-23 

9 

90 

90 

90 

80 

0 

10 

-10 

12 

77 

37 

44 

77 

-7 

-40 

33 

13 

92 

92 

•92 

92 

0 

0 

0 

14 

80 

80 

70 

70 

10 

10 

0 

Average 

■i 

85 

oo 

bi 

72 

76 

6.5 

2.5 

4 


Oats 


1 

17 

17 

0 

17 

17 

0 

15 

3 

36 

36 

14 

29 

22 

7 

15 

7 

27 

27 

18 

9 

9 

18 

- 9 

10 

89 

89 

89 

89 

0 

0 

0 

11 

89 

89 

89 

77 

0 

12 

-12 

Average 

52 , 

52 

1 .43 

44 

10 

8 

2 

Barley 

5 

90 

90 

80 

90 

10 

0 

10 


then we may consider the figures in column six as some indication of the 
way in which the Fiisarium fungus penetrates the kernels after gathering. 


INEBRIANT LINSEED-OIL 

We also have obtained information concerning ‘‘inebriant linseed-oiP ’ 
from the Gomel region. Specimens of flax seed from which the poisonous 
oil was obtained were found infected with a special form of Fusarium, A 
pure culture of this form was obtained, and, when compared with Fumrium 
Uni Boll., it offered essential differences in the way of development of the 
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nxyeelium, in its color on nutritive media, and in the way of conidial 
formation. 

As no other poisonons matter was found in these specimens of flax seed, 
and as the symptoms of poisoning by '^ineb riant linseed oil’’ are quite 
similar to those caused by '^inebriant bread” (due to Fusarium roseum), 
this new form of Fusarium most probably is the cause of the inebriant 
characters of linseed oil which the population of certain regions of Ukraina 
use as a food product. 

Moscow, Eussia. ■ 



PHYTOPATHOLOGICAL NOTES 

Device for Increasing the Capacity of Moist Chambers . — The writer has 
found the following device useful in increasing the capacity of moist cham- 
bers where such are to contain culture slides or objects of somewhat simi- 
lar bulk such as small Petri dishes. Essentially it consists of two zinc 
disks, one of which is supported from the bottom of the dish by three brass 
pins, and the second similarly upon the first one. ' The unit is removed 
from the moist-chamber or replaced by means of a lifter. While a similar 
equipment serving the purpose may be made more simply, there is added 
a description of this apparatus as used by the writer. It may be readily 
made from materials in the laboratory mechanician’s shop, and is of perma- 
nent utility. 


The dimensions given are those of the device fitting a glass moist cham- 
ber with a lid of 23 cm. inside diameter and with a tray of 21.5 cm. inside 
diameter. Two circular disks of zinc one half mm. in thickness are cut to a 
diameter of 21.2 cm. Slots are cut in each disk at opposite edges to a depth 
of 12 mm. and a width of 6.5 mm. It is important that these slots have 
the same relative position on each disk. Three holes, each 3 mm. in diam- 
eter, are drilled at points 6 mm. from the edge of the disk and 17 cm. 
apart. (Lines connecting these holes form an equilateral triangle.) It 
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is also important that these holes have the same relative position on each 
disk. Supporting and connecting pins for the zinc disks are made from 
brass rods 6 mm. in diameter. Three are cut to a length of 2.6 cm, and 
one end of each shouldered to a length of 5.5 mm., that part of the pin 
being threaded to fit in the small holes drilled in the disk, and to screw into 
the ends of the, next set of pins. The latter three are 2.2 cm. in length, 
are drilled at one end to accommodate the pin set below them, and have a 
short shoulder at the other end to protrude through the small holes in the 
zinc disk resting upon them. These parts then are assembled as indi- 
cated in the accompanying figure. 

The device is most conveniently removed from the dish for examina- 
tion of materials by means of a lifter, made of flexible brass wire, or rod, 
4 mm. in diameter, of the shape indicated in the illustration, and the 
free ends of which are obliquely faced off. Section A of the lifter has a 
length of about 12 cm. ; B, 8 cm. ; C, 6 cm. ; while the oblique facing at D 
has a length of 3 mm. In using the lifter, its broad end is inserted in the 
slots of the zinc disks and the upper ends are compressed, which causes the 
lifter to engage the slots at their inner edge, when the arrangement may 
be brought out in toto. The top disk is then easily taken off, and the con- 
tents of both are available for examination. — ^N. M. Grier, Dartmouth Col- 
lege, Hanover, N. H. 

Occurrence of Cluh Boot on Chinese Cabbage. — In a recent paper, W. 
H Davis^ reported Chinese cabbage {Brassica pe-tsai Bailey) as a new 
host for the club root organism (Plasmodiophora brassicae Wor.). The 
disease was reported on this plant in 1912 by Cunningham^ who considered 
it to be one of the seven most susceptible of the twenty-eight species 
studied.—F. L. Wellman, IJniversity of Wisconsin. 

Results of Dutch Investigations. — In the forthcoming 32d volume of the 
^‘Tijdschrift over Plantenziekten’’ new results of Dutch investigations on 
diseases of potatoes, beans, cabbage, and other field and garden crops and 
some notes on forest pathology, will be published. The more important 
.papers will contain summaries in English (sometimes in French or Ger- 
man). 

Editors: Prof. Dr. Ritzema Bos, forester De Koning, Ir. v. Poeteren of 
the Plant Disease Survey, and Prof. Dr. Quanjer of the Institute for Phy- 
topathology. Business manager: Dr. H. J. Calkoen, Dieren, Holland. 
Subscription price is $2.30 per year. — H. M. Quanjer. 

iBavis, W. H. Club-root of Chinese cabbage. Myeologia 17: 160-162. 1925. 

2 Cuiindiigl:ain,iG. C. The comparative susceptibility of cruciferous plants to I^las- 
modiophora hrassicae. Phytopath. 2: 138-142. 1912, 
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STREAK OR TVINTER BLIGHT OP TOMATO IN QUEBEC 

T. 0. V ANTERPO OLl 
With Three Figures in the Text 

An outbreak of streak, stripe, or winter blight of- tomato, which, was 
characterised by its sudden onset and virulent nature and which resulted 
in a loss of one-third of the crop, occurred on the tomato crop in the com- 
mercial greenhouses at Macdonald College in the spring of 1923. 

Diseases of the tomato with apparently identical symptoms have been 
reported under a variety of names from widely separated parts of the 
world, and there seems to be considerable difference of opinion among in- 
vestigators regarding their etiology. In view of this and the increasing 
importance of the greenhouse tomato industry in Quebec, a study of the 
disease under both field and greenhouse conditions was undertaken. 

PREVIOUS INVESTIGATIONS 

According to Oiton and McKinney (16) the first mention of such a 
disease was by Lodeman in 1892, when he reported the occurrence of a 
blight of winter tomatoes in the greenhouses at Ithaca, N. Y., during the 
winter of 1890-91. In the same year Bailey (3) gave a fuller account 
of the trouble, to which he ascribed the name winter blight. Its primary 
cause remained undetermined, though the view was held that it was 
bacterial. Pour years later Selby (19) described a blight of forced toma- 
toes in Ohio, with symptoms similar to those given by Bailey. Selby 
noticed that the youngest leaves showed earliest symptoms of the disease, 
all plants being liable to attack regardless of their thriftiness, and that 
most of the plants with diseased foliage had clean fruit. Winter blight 
of the tomato was reported from Pennsylvania in 1915, by Orton and 
McKinney (16), but the disease had been under investigation there for 

1 The writer is indebted to Dr. B. T. Dickson for many helpful suggestions, and for 
his kindness in affording field and greenhouse faeilities, 
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some five years or more. They isolated in pure culture, light yellow and 
orange-brown, bacterial organisms from the lesions of diseased plants, but 
all attempts to produce infection by artificial inoculation were unsuccessful. 
Jackson (10) reported winter blight as having first appeared in the Indiana 
Station greenhouses in the winter of 1915. In 1916 the disease was first 
reported from Canada by Howitt and Stone (9). Kepeated trials on their 
part to isolate a causal organism from the diseased tissues proved futile. 
These investigators are of the opinion that the disease is not seed trans- 
mitted, and carefully conducted experiments led them to believe that the 
cause of the trouble lies in the soil. In 1918-19, what appears to be the 
same trouble was reported from South Australia by Osborne (17)., and 



Tig. 1. A typical streak tomato leaf showing irregular necrotic spots. 


from Victoria by Brittlebank (4). Two years later, 1921, Hamblin (8), 
from New South Wales, discussed a "spotted wilt” of tomato, which is 
probably none other than streak. Taylor (21) has reported it from New 
Zealand. In 1919 Paine and Bewley (18) published an account of a dis- 
ease of tomato, in England and the Channel Islands, with symptoms ap- 
parently identical with those of streak or winter blight as described on 
this continent. These investigators isolated Bacillus latJiyri Manns and 
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Taubenliaus, from diseased tissues; and with it they could bring about arti- 
ficial infection of rapidly-growing tomato plants. Gardner and Kendrick 
(7), in a bulletin on tomato mosaic published in 1922, are of the opinion 
that the diseases described by Bailey of New York and Selby of Ohio, as 
well as those reported from Pennsylvania and Ontario, are mosaic in its 
most destructive form. Dr, B. T. Dickson, who reported the disease as 
being present in Quebec in 1923, inclined to the view that it is a mosaic 
in which necrosis occurs under certain environmental conditions. In a 
paper delivered before the Canadian Phytopathological Society in 1924, 
Stone (20) maintained that he could ''produce the disease at will by using 
in excess fertilizers very rich in nitrogen, such as barnyard manure and 
ammonia or nitrates,’^ and that the cause of the trouble is in the malnu- 
trition of the plants. 

Prom the foregoing historical sketch it is seen that three views are 
held regarding the etiology of streak or winter blight by workers on the 
problem, viz: {a) that the disease is caused by bacteria; (h) that it is of 
a purely non-parasitic nature, being brought about by malnutrition and im- 
proper management of environmental conditions in the greenhouse; (c) 
that the disease is a manifestation of mosaic in a most severe form. 


SUMMARY OF REPORTS ON THE ECONOMIC IMPORTANCE OF TOMATO STREAK 


Authority 

Locality 

Estimate of losses 

Orton and McKinney (16) 

Pennsylvania 

5 per cent a fair average in 
greenhouses 

Howitt and Stone (9) 

Ontario 

10 per cent in two greenhouses 
near Hamilton 

Chupp (Correspondence) 

New York 

1 to 3 per cent in greenhouses 

Thomas ( do ) 

Ohio 

Sporadic: 60 per cent in some 
greenhouses 

Osmun ( do ) 

Massachusetts 

Some greenhouse crops almost 
ruined 

Dickson (Ohservation) 

Quebec 

1923. One third of the green- 
house crop 

Poole 

New Jersey 

Streak and filiform conditions 
caused 95 per cent loss in sev- 
eral greenhouses. (Plant Dis. 
Reporter Suppl. 25 : 61. 1923,) 

The writer’s observations 

Quebec 

1924:. 2 per cent in one green- 
house crop 
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GEOGRAPHICAL DISTRIBUTION 

111 North America the disease is probably most serious in Pennsylvania, 
New York, New Jersey, Northeastern Ohio, and Southern Ontario; and 
as reported to ‘‘The Plant Disease Survey^' and according to Orton (15), 
it is also found in Indiana, Massachusetts, Michigan, Kansas, California 
and Washington. It has been observed in greenhouses in Maryland. 

In appears to be more prevalent in the greenhouse than in the field, and 
on the autumn tomato crop than on the spring crop. 

SYMPTOMS 

An attempt to describe a , set of elear-eut symptoms of the streak dis- 
ease of tomato would necessarily be inadequate because of the various forms 
which the disease takes, depending apparently upon the succulence and age 
of the plant, as well as upon the temperature, illumination and other en- 
vironmental factors. 

In Quebec the disease usually is first noticed on tomato plants about 
the same time that the first blossom truss appears. Necrotic streaks on 
stems and spots on leaves occur in a zone about a foot in extent two- 
thirds up the plant. In this region irregular yellow spots appear on the 
leaves and subsequently turn brown and finally quite dark, being sur- 
rounded by yellowish areas (Pig. 1). Complete wilting of the leaves in 
this zone often results. Should optimum conditions for the disease con- 
tinue to prevail, complete necrosis with wilt and drying out will occur. 
If, on the other hand, a slower growth is induced, or if the plants are 
hardened off slightly, then the upper growth becomes spindling and dis- 
torted; the leaves small and ruffled, weak, crinkled and curled downwards 
with numerous yellowed and minute necrotic areas. At this stage these 
plants invariably show marked symptoms of mosaic as well. On looking 
down the rows between the greenhouse beds, the spindling growth of the 
upper part of the plant is very prominent and once seen is unmistakable 
thereafter. Infected plants usually linger on in this condition for several 
weeks, and may even produce a moderate crop of fruit, only part of which 
will be blemished by spots ; but even in this condition these plants serve 
as sources of infection for healthy plants. 

Immediately below the diseased zone there are on the average 8 to 10 
strong, apparently healthy, mature lower leaves. These seldom have lesions, 
but the young shoots which arise from the axils of these leaves usually have 
typical symptoms. 

The brown linear lesions on the stem vary from one millimeter to several 
centimeters in length (Fig. 2). They enlarge and often coalesce, although 
this is a variable condition depending on the duration of optimum condi- 
tions for the disease. The lesions on the petiole are often so large that 


1926] 


Vanterpool : Streak of Tomato 


315 


they cause it to shrivel, turn brown and dry out with the leaflets hanging 
dead and dry. 

The lesions on the flower-stalk and sepals are small and not very elon- 
gated. Similar spots occur on petals and stamens. 

All the fruit on a diseased plant may be entirely free from outward 
blemishes or a portion of them may show lesions. In the same truss some 
fruits may be spotted and others apparently healthy; also, some trusses 
of fruit may show signs of the disease while others on the same plant may 



Eig. 2 . Brown, slightly sunken, streak lesions on stems of tomato. Coalescence is 

seen 

be normal. Plants have been found with much of their fruit diseased but 
typical streak lesions on stems and leaves were entirely absent ; these plants, 
however, had definite symptoms of mosaic in varying degrees of severity. 
Symptoms on the fruit differ according to the variety of tomato. For the 
most part, irregular, raised, brown, greasy patches with no definite arrange- 
ment occur on the fruit (Fig. 3.) These frequently coalesce and form 
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quite large sunken patches in which cracks or slits soon develop owing to 
their drying out and the subsequent growth of the fruit. Severely affected 
fruits often are deformed. 

An examination of the roots, both externally and internally, reveals no 
apparent divergence from the roots of normal plants, except that perhaps 
the root system is reduced somewhat. 

At Macdonald College, plants affected with streak undoubtedly had 
mosaic. In many cases the mosaic symptoms were not clearly apparent at 
first ; but, providing the plants did not die forthwith from the streak, the 
characteristic symptoms of mosaic always developed later, and usually in a 
most severe form. 



Pig. 3. Raised, brown, greasy patches on fruit of Livingstone Grlobe tomato. The 
older lesions are sunken and cracked because of desiccation of the cells beneath. 


Internal oms.—Cross sections of diseased stems show that usually 
the lesions are merely superficial, but in some the necrosis extends well into 
the cortex, and in others the pith is invaded as well. The vascular elements 
do not show any definite necrosis. 

All the tissues of the leaf, except the vascular bundles, become neerotie. 
There is a shrivelling and drying up of the lamina in affected areas:^^ 
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The fruit spots involve only a few layers of cells, but occasionally 
minute patches of diseased tissue are noticed here and there within the 
fruit. 

EXPERIMENTAL STUDIES 

The experimental investigations upon which this paper is based were 
conducted under field conditions during the summers of 1924 and 1925, 
and in the hothouse during the intervening winter. Space did not permit 
of dealing with large numbers of plants and, to overcome this difficulty, 
the experiments were carried out on a small number of plants on three, 
four, or more, separate occasions. Further, by conducting the experiments 
both in the greenhouse and in the field, results of comparative value from 
an environmental standpoint have been added. Therefore the writer thinks 
that the paucity in the number of plants was overcome, and that the results 
are actualities. 

All field inoculations were made just before dusk and on rainy evenings 
whenever possible. If no rain had fallen, the plants were thoroughly 
drenched with water before inoculation. Inoculations in the greenhouse 
were performed at any time during the day. 

The soil in the experimental field plots was a loam which had received 
a dressing of farmyard manure the previous autumn; that used in pots in 
the greenhouse was a rich sod soil, to which farmyard manure was added. 

In all experiments conducted in the greenhouse care was given to the 
control of aphids and white flies. 

Bacterial Isolations and Inoculations 
Numerous attempts to isolate a causal organism from diseased tissue 
were made. Most of these yielded no growth whatever, but a small per- 
centage yielded a yellowish bacterial growth, which on plating out gave 
numerous yellow colonies. What appeared to be a similar organism was 
isolated from superficial and internal lesions both from the fruit and from 
the stem. Only occasionally could it be obtained from diseased leaves. 
This yellow organism is so irregularly found, however, that it can hardly be 
said to be constantly associated with streak. 

Fresh bouillon cultures of the various strains of the yellow organism 
obtained from fruit, stem, and leaf respectively, of diseased plants both 
from the field and under glass, were repeatedly sprayed on young healthy 
tomato plants, some of which were wounded beforehand by rubbing the 
leaves gently between the finger and thumb. Similarly, cultures on nu- 
trient agar were pricked into the stems of other plants and the wound 
covered with tin foil. After all such inoculations the plants were covered 
with large bell jars for two or three days. Sometimes a piece of sterile 
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cotton whicli had been soaked in a nutrient solution of the organism was 
wrapped around the needle-pricked host part and then covered with tin 
foil. All precautions to keep the plants from drying out were observed. 
On no single occasion under controlled conditions did streak develop as a 
result. 

Through the kindness of Dr. Sydney G. Paine, Imperial College of 
Science and Technology, London, the author obtained a culture oi Bacillus 
lafhyri, which was isolated from clover, but which is identical in its physio- 
logical behavior with the strain from tomato, according to Dr. Paine. All 
artificial inoculations with this organism into rapidly-growing, healthy 
tomato plants failed to produce typical streak symptoms after a month and 
a half. This experiment was tried repeatedly. The fact that this organism 
had been growing in culture for nearly three months when the inocula- 
tions were made possibly might account for its loss in virulence. 

A series of preliminary comparative cultural studies of strains of the 
yellow organism isolated from streak tomato plants with the strain of Ba- 
cillus lathyri obtained from Dr. Paine were carried out. These tests point 
strongly to the fact that the organisms are identical, although further tests 
will have to be carried out before such can be stated definitely. In all 
the reactions observed the results secured with the different strains showed 
no more variation than is common among strains of the same species. 

Preliminary Experiments 

A preliminary series of inoculation experiments in which both tissue 
and juice of streak tomato plants were inoculated into healthy tomato 
plants revealed the fact that infection may be brought about both by 
rubbing the leaves with diseased tissue and by inserting it into the stem, 
or in any way in which the extracted juice of diseased plants is brought 
into contact with that of the healthy plant. Thereafter all artificial inocu- 
lations were made either by rubbing the leaves of healthy plants with a 
small amount of crushed and macerated tissue or with the expressed juice 
of streak plants, or by pricking in such material with a sterile needle after 
first placing it on the plant. 

Of 57 plants in these early studies so inoculated, over 85 per cent 
developed streak and mosaic, 8 to 10 per cent contracted mosaic only, and 
1 to 2 per cent showed no disease symptoms. Only very occasionally was 
it difficult to decide to which group a plant belonged. Plants of all ages, 
and consequently of varying degrees of thriftiness, were thus experimented 
with ; but the juices from streak plants were of such a virile and infectious 
nature that the disease was almost invariably produced, although the 
incubation period varied with the plant. In the field, however, on young 
plants growing under ordinary summer conditions, the incubation period 
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was invariably 12 daj^s. Under greenhouse conditions with varying light 
no such regularity obtained during the winter months ; but here by far 
the greater number of plants showed their first lesions in from 11 to 18 
days. All control plants, inoculated with macerated tissue from healthy 
plants, remained healthy. 

Systemic Nature of the Disease 

As has already been mentioned under symptoms of the disease, there 
.are many mature leaves on the lower portion of diseased plants, which from 
macroscopic examinations appear to be absolutely free from all malforma- 
tions, lesions or discolorations of any sort. Several such leaves were care- 
fully removed from diseased plants, and after immersing them in mercuric 
-chloride (1:1000) for one to two minutes, they were washed with sterile 
water and crushed in a mortar. Healthy tomato plants were then inocu- 
lated with this pulp in the usual way. This experiment was repeated four 
times and in each ease streak developed as a result. 

An analogous experiment was conducted with clean, unspotted fruit, 
.apparently free from any symptoms of the disease whatsoever, found on 
‘Otherwise diseased plants. Such fruit also proved to be infectious. 

It may be gathered from these experiments that while there are cer- 
tain mature leaves and fruit which appear perfectly normal, they still serve 
•as carriers of infection for the developing shoots of the same plant and as 
;sourees of inoculum for healthy plants. It shows further that streak is a 
disease which is visible in comparatively nascent tissue only, though all 
parts of the plant above ground carry the infective principle. 

Whether the roots of streak plants are also carriers of infection still 
■.requires to be determined. 

Nature and Properties of Streak Tomato Juice 

The effect of filtration on streak juice . — Expressed juices from leaves, 
•stems and fruit of streak tomato plants were passed through sterile Cham- 
berland P filters into sterile flasks. Under aseptic conditions this filtered 
juice was put into sterile test tubes from which it could be used at once 
.as a source of inoculum, or kept until required. 

Stained preparations of this filtered juice were examined carefully for 
.any microorganisms. As a further check on the freedom of the filtered 
juice from bacteria, nutrient agar slopes and nutrient broth tubes were 
also inoculated in duplicate, and incubated at 22° to 26°C. No growth 
resulted from such filtered juice. 

A portion of the unfiltered juice was always saved and inoculated into 
healthy tomato plants so as to serve as a cheek on the viability of the 
•streak juice before passage through the filter. The results of the inocula- 
'tions are given in table 1. 




320 


Phytopathology 


[VoL. 16 


TABLE l.—Mesults of inocvZating healthy tomato plants with expressed streah tomato 
juice which had passed through a Chomberland F filter 


No, of tomato plants 
inoculated 



Besults 


Inoculum 

Streak 

Mosaic only 

No positive 
results 

Greenlionse 1924 

11 

Filtered streak juice 
(bacteria free), 
plants* wounded 

7 

4 

0 

1 

Filtered juice sprayed 
on plant (without 
wounding) 

0 

0 

1 

1 

Filtered juice poured 
on soil 

0 

0 

1 

Eield 1924 and 1925 

11 

Filtered streak juice 
(bacteria free), 
plants wounded 

11 

0 

0 


In every case where streak developed the incubation period varied from 
11 to 15 days. The results show conclusively that streak of tomato in 
Quebec belongs to the filterable-virus group of plant diseases. 

The effect of high temperature on the power of infection of streak 
juice , — This experiment was carried out with a view to ascertaining whether 
the thermal death point of the infective agent lay in the range of the 
thermal death point of bacterial plant pathogenes or in that of the filter- 
able viruses. 

Ten cubic centimeters of the expressed juices from diseased plants were 
placed in test tubes with a pipette, care being taken not to allow any juice 

TABLE 2. — The effect of heat on the infectivity of the expressed juice from streah 

tomatoes 


Nq. of tomato 
plants inoculated 

Treatment of streak 
juice used for in- 
oculation 

Eesults 

Streak 

Mosaic 

only 

No positive 
i results 

1 

45° C. for 10 min. 

1 (11 days) 

^ i 

0 

1 

55° 0. 

do 

1 (15 days) 

0 

0 

1 

65° 0. 

do 

1 (13 days) 

0 

0 

5 

Q 

o 

o 

do 

3 (12-14 days) 

1 

1 

1 

75° 0. 

do 

1 (15 days) 

0 

0 

2 

o 

O 

00 

do 

1 (13 days) 

0 

1 

' '2 , 

90° 0. 

do 

0 

0 

2 
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to get on to tlie sides of the tubes. These tubes were then placed in water 
held at various temperatures for 10 minutes and cooled under the tap 
immediately on removal Inoculations were then performed in the usual 
way. 

To serve as a check on the infective nature of the heated juices, plants 
were inoculated with unheated juice at the same time that the inoculations 
with the treated juices were made. 

The results of these experiments show that expressed streak tomato 
juices heated 20° C., or more, above the thermal death point of the ma- 
jority of bacterial plant pathogenes (Bacilhis lathyri T.D.P. 50° C.) still 
retain their infective powers. Also, the exact temperature to which they 
may be heated without losing this power seems to vary with the source of the 
juice. This peculiar characteristic has been demonstrated by Allard (1) 
to be a property of tobacco mosaic, the thermal death point of which he 
found to vary from 80° to 90° C. for 10 minutes exposure. Doolittle (6) 
has shown that for cucumber mosaic the thermal death point is about 
70° C. 

The infective agent for tomato streak, therefore, has a thermal death 
point lying within the same range as that of other so-called virus diseases. 

The effect of drying on dreak tomato< tissue . — Portions of diseased 
plants were air-dried at room temperature until thoroughly dry. This 
material was then ground to a fine powder by passing through a meat 
chopper, and stored in glass-stoppered bottles until required. For inocu- 
lation purposes a water-extract was prepared by soaking some of the fine 
powder in sterile water over-night. Diseased material which had been 
stored for two, three, and nine months was used. In no single case did 
streak develop, but definite mosaic, usually of a very severe nature, in- 
variably was produced instead. 


TABLE 3 . — Besults of inoculating healthy tomato plants with streak juices after treat- 
ment with various strengths of mercuric chloride solution 


No. of 
plants 
inoculated 

Inoculum 

Length of treat- 
ment in hours 



Treated streak 

juice 




( Gms. HgCl^ : c.c. 

streak juice) 



1 

1 

500 

2.5 

Healthy 

1 

1 

500 

24 

do 

: 1 

1 

500 

48 

do 

1 

1 

800 

2.5 

Streak (15 days) 

1 

1 

800 

24 

Healthy 

1 

1 

800 

48 

, do 

1 

1 

1000 

48 

Streak (15 days) 

1 

Entreated streak 

juice ( check ) 


Streak (12 days) 
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The effect of various chemicals on streak juice . — ^Mercuric chloride 
dissolved in water was added to streak tomato juice so that the result- 
ing solution would be of the required dilution. Five cc. portions were 
drawn off from time to time for experimental purposes as required, 
and at time of inoculation this treated juice was diluted with an equal 
amount of sterile water so as to prevent injury to the tomato plants from 
the mercuric chloride itself. The inoculations were made by crushing 
the leaf with the finger and thumb and rubbing in the inoculum. The 
results are given in table 3. 

One cc. of the inoculum was plated out in each case at time of inocula- 
tion but no growth whatever appeared on the plates at any time. From the 
above it appears that the streak juice can withstand mercuric chloride in 
concentrations fatal to bacteria. 

Effect of Various Fertilizers in Eelation to the Disease 
From observations made on outbreaks in the college greenhouses, there 
appeared to be some connection between the vegetative growth of the plant 
and the incidence of the disease. Paine and Bewley (18) found that the 
application of potash largely counteracted the susceptibility of tomato 
plants to the stripe disease which they investigated; and Stone (20) recom- 
mends in his control suggestions that both acid phosphate and potassium 
sulphate be added. 


TABLE 4 . — The influence of fertilisiers on the incidence of the disease 


No. of tomato 
plants inoculated 

Inoculum 

Fertilizer 

treatment 

No. of days after 
which streak de- 
veloped 

Field 1924 




5 


No treatment 

m 

5 

Virile juices 

Farmyard manure— 

12 


of 

heavy application 


5 

streak tomato 

Acid phosphate, 3 oz. 

12 


plants 

per plant 


5 

in 

Sodium nitrate, 1 oz. 

12 


all 

per plant 


5 

cases 

Potassium sulphate 

12 



% oz. per plant 


5 


No treatment 

12 

Greenhouse 




2 ■■ 


Sodium nitrate 

12 each 

1 


Manure + nitrate 

14 

2 


Potassium sulphate 

12 and 13 respectively 

2 


Acid phosphate 

13 and 15 

1 


Acid phosphate P po- 

12 



tassium sulphate 



a One plant developed severe mosaic only. 
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Accordingly one series of mannrial treatments was conducted in the 
field in 1924 and another in pots in the greenhouse during the winter. The 
results of both series of experiments are given in table 4. 

In the field the fertilizer was applied one week before inoculation. In 
the greenhouse experiment the fertilizer applications were at intervals of 
one week beginning when the tomato seedlings were four inches high. The 
amount applied was not measured in this case, but the doses were very 
heavy. The inoculations were made between the second and third applica- 
tions. 

It may be gathered from these results that soil treatments alone cannot 
prevent infection when the plants are artificially inoculated with viable 
streak tomato juices. The disease appears after the usual incubation period 
regardless of fertilizer treatment, but the severity of the disease is slightly 
more pronounced on plants with the most succulent growth. Providing 
other environmental conditions are favorable for the development of streak, 
the plants will not completely ''grow out of'^ the disease, even if the 
various fertilizer treatments are continued. The addition of chemical ferti- 
lizers alone, threfore, will not control streak; but, insofar as it prevents 
over-succulence in growth, it will help to ward off the disease, especially 
if other environmental conditions are carefully attended to. 

Seed Transmission 

Since tomato fruits are sometimes very severely affected, though for 
the most part only superficially, it might be expected that the disease pos- 
sibly is transmitted by the seed. Orton (15) lists tomato streak among the 
seed-borne diseases, and attributes its recent appearance in widely sepa- 
rated parts of the world to this fact. 

On three different occasions seed from severely spotted fruit was re- 
moved from the pulp, dried and then sown. As streak failed to develop 
in any of the plants from such seed, it must be inferred that tomato streak 
is not usually seed transmitted. The fact that necrotic areas within the 
fruit often line the ovary wall, however, suggests the possibility of occasional 
seed transmission. 

Insect Transmission 

Transmission of streak by aphids was readily demonstrated under con- 
trolled conditions by allowing aphids, ordinarily found on tomato, to suck 
the juices of streak tomato plants for a few days and then placing them 
carefully with a camel-hair brush on vigorously-growing healthy tomato 
plants. In over 75 per cent of the plants streak symptoms appeared after 
the usual incubation period. 

Three attempts to ascertain whether white flies transmitted the disease 
were made, but in every case the plants remained healthy. 
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Developmental Relations of Strea^k^ ■ 

Temperature relaUons.—ll^olthj plants inoculated with streak tomato 
juice and placed in a hothouse maintained at a temperature of 65° to 75° P. 
during the day, developed symptoms of streak in 11 to 14 days as a rule. 
But it was noticed that similarly inoculated plants in the liouse maintained 
at 55° to 65° ¥. took a longer time for symptoms to appear. In several 
such cases where symptoms were not evident in three weeks, the plants 
were removed to the warmer greenhouses and in one to three days typical 
streak lesions appeared. 

These results are only indicative since it was difficult to keep the green- 
house at a constant temperature from day to night ; but they show, never- 
theless, that higher greenhouse temperatures are more favorable to the 
devlopment of streak than the lower temperatures. Carefully controlled 
temperature-chamber experiments would probably produce interesting 
results. 

On the other hand, if streak tomato plants growing under conditions 
suitable for streak development are hardened off by subjecting them to 
lower temperatures, the new shoots which appear subsequently will show 
little or no indications of streak. 

An endeavor to induce the disease hy manipulation of environmental 
/acfors.— Several series of rapidly-growing tomato seedlings were placed 
in soil consisting of one part of well-rotted manure and three parts of sod 
soil. Both healthy seedlings and young mosaic plants were included in 
the experiment. Small amounts of sodium nitrate were added to some of 
these plants about every seven days ; to others, ammonium sulphate was 
applied. All the plants were supplied abundantly with water and kept 
at the higher greenhouse temperatures which were known to be favorable 
to the development of streak. 

All attempts to induce streak in these plants by forcing their growth 
with nitrogenous fertilizers, by avoiding the use of acid phosphate and 
potash, and by over-watering and then allowing to become dry, produced 
negative results. Contrary to this. Dr. Stone, in a paper presented before 
the Canadian Phytopathologieal Society at Ottawa in December, 1924, main- 
tains that he can produce the disease at will by using excess nitrogenous 
fertilizers, but in no ease does he mention mosaic symptoms on these plants. 

Johnson (11 and 12) and Tomkins (22) have shown that if mosaic 
potato or tobacco plants are subjected to temperatures unfavorable to the 
development of mosaic, then the symptoms will disappear; but when these 
plants are placed under optimum temperatures for their respective type 
of mosaic, the mosaic symptoms will return. Prom the study of the tem- 
perature relations elsewhere outlined, the same appears to be true for 
tomato streak. It is possible, therefore, for tomato plants to be growing 
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under conditions wHich would mask all streak symptoms and yet themselves 
be carriers of the agent of streak. Atanasoff (2) has shown that there are 
varieties of potatoes which serve as carriers of potato streak, but which do 
not themselves show any symptoms. 

Cross Inoculations 

Tobacco, Preliminary experiments showed that when healthy Eesistant 
White Burley tobacco plants were inoculated with macerated tissue or ex- 
tracted juice of streak tomato, either by rubbing the leaves or by pricking 
the plant through the applied juice, ^ mosaic of a very serious nature de- 
veloped almost without failure in 10-14 days. Filtration through Chamber- 
land P filters did not destroy the infectivity of this juice. The expressed 
juices from these infected tobacco plants were inoculated into healthy 
tomato plants both in the field and in the greenhouse. Table 5 contains 
the summarized results. 


TABLE 5 . — Results of ino-culating healthy tomato plants with juice of mosaic tohacco 

developed from tomato streak 


No. plants 
inoculated 

Host 

Source of 
inoculum 

Streak 

Mosaic 

only 

No positive 
results 

16 

Greenhouse to- 

Juice of mosaic to- 





mato plants 

bacco developed 
from streak to- 






mato 

11 

3 

2 

9 

Field tomato 

Do 

6 

3 

0 

2 

plants ' 
Greenhouse to- 

Do Juice passed 





mato plants 

through a Oham- 
berland F filter 

1 

0 

1 


Prom such inoculations typical streak, followed later by mosaic, was 
produced in 69 per cent of the tomato plants. Clinton (5, p. 373) describes 
a bacterial-like burn produced in tomato from mosaic or calicoed tobacco. 
Prom Plate XXIX in this reference in which leaves and stems of this 
tomato plant having burn are shown, it would appear that this so-called 
burn is identical with streak or winter blight. 

Other hosts. The results of similar cross inoculations, using ground 
cherry (Physalis heterophylla), pepper (Capsicum annuum), and eggplant 
(Solanum melongena)] as intermediate hosts, indicate strongly that these 
Solanaceous plants may sometimes act as carriers of streak in a way similar 
to tobacco in the experiment outlined above. Further work on this phase 
of the problem is necessary. 
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Effect of Inoculating Tomato witli Combination Viruses 

The fact that mosaic is invariably present on streak tomato plants, and 
that streak material which has been dried for months produces mosaic only, 
when inoculated into tomato, suggested that there might be some other 
factor, possibly another infective agent which, together with tomato mosaic, 
produced the disease known as streak. This other factor presumably could 
not withstand prolonged drying. To show that true streak was not a severe 
manifestation of tomato mosaic only, the author subjected tomato plants 
showing pronounced mosaic symptoms to those conditions which had been 
shown to favor the development of streak most, and in no single case did 
true streak symptoms appear. 

The publication of Johnson ^s findings (13) substantiated this view. 
This investigator, by inoculating a combination of potato mosaic and tobacco 
mosaic virus into tobacco and tomato, obtained leaf spots and blotches which 
sometimes killed entire leaves. This suggested the possibility that the other 
factor for which the present author had been searching was potato mosaic. 

Tomato mosaic and potato mosaic combined. Juices were expressed 
from potato plants infested with mosaic and from mosaic tomato plants. 
Healthy, vigorously-growing tomato plants were inoculated, some with 
potato mosaic virus, some with tomato mosaic, and others again with a mix- 
ture of these two juices. The complete series which has been tested twice 
ill the field and twice in the greenhouse is summarized in table 6. 

The symptoms obtained when tomato mosaic and potato mosaic viruses 
were used were identical with those of tomato streak produced under simi- 
lar conditions. Such symptoms did not develop in plants inoculated with 
tomato mosaic alone or potato mosaic alone. This streak derived from the 
combination virus could thereafter be transmitted to tomato plants. 

These results at once opened up a new field of study. Since tomato and 
tobacco mosaic were known to be interchangeable, the latter was mixed with 
potato mosaic and the combination virus inoculated into tomato, with sim- 
ilar results as shown in table 6, exp. 3. 

It also suggested the possibility of obtaining streak by inoculating mosaic 
tomato plants with potato mosaic, or, conversely, inoculating tomato mosaic 
into tomato plants which had three weeks previously been inoculated with 
potato mosaic. Accordingly, one of the plants of inoculation exp. 4, and 
one of exp. 5, table 6, were inoculated with potato mosaic three weeks after 
their first inoculation. At this time both plants showed definite mosaic 
symptoms only. Similarly, three weeks after the first inoculation, one of 
the plants of table 6, exp. 6, was inoculated with tomato mosaic. In all of 
these cases streak symptoms invariably developed 10-15 days after the 
second inoculation (table 6, exp. 8 and 9). 
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Further evidence that streak was caused by the combined viruses of 
tomato and potato mosaic was adduced when streak was obtained in mosaic 
tomato plants on which aphids from mosaic potato plants had been placed 
two to three weeks previously. 


TABLE 6 . — Effect of inoculating healthy tomato plants with a comhination of potato 

and tomato viruses 


Experiment 

No. 

No. of tomato 
plants 
inoculated 

Inoculum 

Results 11-15 days 
after inoculation^ 

1 

2 

Tomato streak 

Mosaic -1- streak 

2 

4 

Tomato mosaic + 
potato mosaic 

Mosaic + streak 

3 

4 

Tobacco mosaic -h 
potato mosaic 

Mosaic + streak 

4 

2 


Mosaic 

5 

2 

Tobacco mosaic 

Mosaic 

6 ! 

2 

Potato mosaic 

No positive results 

7 

2 

Control plants 

Healthy throughout 

8 

2 mosaic 
plants 

Potato mosaic 

Mosaic + streak 

9 

2 plants in- 
oculated 3 
weeks pre- 
viously with 
potato mo- 
saic 

Tomato or tobacco 
mosaic 

Mosaic + streak 


a Observations 4 weeks after inoculation showed no change. 


Dried tomato streak material combined with potato mosaic. When 
streak tomato tissue, which was highly infectious when fresh, was dried for 
several months, then macerated and inoculated into tomato plants, mosaic 
only was produced. Potato mosaic virus was mixed with some of the 
macerated material and then inoculated into healthy tomato plants. This 
experiment was conducted both in the field and in the greenhouse with the 
results shown in table 7. 

The symptoms which developed in all of the plants in table 7, exp. 2, 
were apparently identical with those produced on tomato plants with the 
fresh streak tomato material several months previously. From the above 
results it would appear, therefore, that the potato mosaic virus is the 
^'factor’’ in the streak tomato material which was destroyed by drying. 

Potato streak combined with tomato mosaic. In some recent prelimi- 
nary experiments to ascertain if any relationship existed between potato 
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TABLE T.-^BesuUs of inoc'Uilating healthy tomato plants with macerated dried streak 
tomato tissue combined with potato mosaic 


Experiment 

Number 

Number of 
tomato plants 
inoculated 

Inoculum 

Results 

1 

4 

Macerated dried streak 
tomato tissue 

Severe mosaic only produced 

2 

4 

Do + potato mosaic 

Mosaic + spots on leaves and 
streaks on stem (streak) 

3 

2 

Potato mosaic 

A peculiar mottling, distinct 
from tomato mosaic, was 
evident in some eases 


and tomato streak, 8 tomato plants were inoculated with potato streak 
(from Spaulding Rose variety obtained from the Province of New Bruns- 
wick) and 8 with the combined viruses of potato streak and tomato mosaic. 
In the former case 5 of the plants produced a peculiar mottling distinct 
from true tomato mosaic, and 3 showed no apparent changes, whereas in the 
latter case, streak developed in all the plants. All controls remained 
healthy. Although only a few preliminary experiments have been at- 
tempted, the writer has been unable to produce streak in tomato from 
potato streak alone. The relationship between streak of potato and streak 
of tomato needs further elucidation. 

A single series of inoculations have revealed the fact that the combined 
viruses of tomato and potato mosaic may be passed through tobacco and 
pepper, in both of which mosaic only develops, and yet produce streak on 
tomato. In other words, tobacco and pepper can act as intermediate hosts. 
Similar experiments with other Solanaceous plants are now in progress. 

DISCUSSION 

The results of the experiments embodied in this paper lead to the con- 
clusion that streak disease of tomato at Macdonald College belongs to the 
filterable virus’’ group of plant diseases. 

The results show plainly that the disease is of a systemic nature, since 
leaves and fruit, themselves not visibly affected but coming from otherwise 
diseased plants, can be carriers of the inoculum. The presence of bacteria 
in the lesions could never be demonstrated definitely in stained sections. 
That bacteria are frequently found associated with mosaic tissue has been 
observed by other writers (14). A yellow bacterial organism, which is ap- 
parently identical with Bacillus lathyri, has repeatedly been isolated from 
streak lesions, but no further evidence has been obtained to show that it is 
other than secondary. 
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The fact that streak juice is still infectious after being passed through 
a bacteria-proof Chamberland F filter ; after being subjected to a tempera- 
ture of 70° C. for ten minutes ; and finally, after being treated with 
strengths of mercuric chloride injurious to bacteria, for one to two days, 
definitely demonstrates that streak disease of tomato in Quebec is not of 
bacterial origin. 

That the disease is not solely a physiological or malnutritional one is 
shown by its infectious nature. Even if tomato plants are grown under 
conditions which are recommended as preventive measures, and then inocu- 
lated with streak juice, streak will develop in nearly 100 per cent of these 
plants, although only minor symptoms will be evident in some cases. To 
date, all attempts on the part of the writer to produce the disease in 
healthy plants by manipulating the environment have failed. In cases 
where others have produced the disease at will, it is possible that the infec- 
tive agent was latent in those plants only to become potent when conditions 
were favorable for its development. 

All previous experimental work indicated that tomato mosaic was one of 
the chief, though apparently not the only, contributing cause of streak. On 
this continent the two diseases were invariably mentioned as being present 
in the same plant. The results of the experiments with the combination 
viruses reported herein very strongly indicate that potato mosaic is the 
other contributing factor. More work is necessary to determine whether 
other mosaic diseases may function as potato mosaic. 


SUMMARY 

The experimental studies reported herein, under both field and green- 
house conditions, show that : 

(1) Bacteria, which are found associated with diseased lesions, are not 
the cause of tomato streak. 

(2) The disease is highly infectious and can be transmitted from plant 
to plant by rubbing the leaves of healthy plants with the macerated tissue 
of diseased plants. 

(3) The disease is of a systemic nature, since leaves not visibly affected 
are infectious. 

(4) Streak tomato juice is still infectious after passage through a bac- 
teria-proof filter, can usually withstand a temperature of 70° C. for 10 
minutes without losing its infeetivity, and can withstand concentration of 
mercuric chloride which readily destroys bacteria and fungous spores. 

(5) Air-dried material soon becomes non-inf ectious. 

(6) Fertilizer treatments alone cannot prevent the disease under all 

greenhouse conditions. ■ 

(7) Streak in Quebec has not been transmitted through the seed. 
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(8) Transmission by aphids has been proved. 

(9) Failure has attended all attempts to induce the disease by manipu- 
lation of environmental factors. 

(10) Excessive humidity, high temperature, and succulent growth are 
predisposing factors. Therefore control measures should consist of guard- 
ing against all predisposing factors, keeping the greenhouse free from all 
volunteer Solanaceous plants, and treating regularly for insect carriers. 

(11) Tobacco may serve as a carrier of streak. 

(12) A combination of potato mosaic and tomato mosaic viruses, when 
inoculated into tomato, produces symptoms identical with those of true 
streak, and all evidence indicates that these combined viruses are the true 
cause of the trouble. 

Department of Botany, 

Macdonald College, 

McGill University, 

P. Q., Canada. 
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ANTHEACNOSE OP PEPPER (CAPSICUM ANNUUM L.)" 

B. B. HiaGiNS 
With Plates XXII and XXIII 

Tlie first published report, which I have been able to find, of an an- 
thraenose disease of pepper was made by Halsted (2) in 1890. The disease 
was attributed to Gloeosporium pipemtum E. & E. In the same report 
another anthracnose of pepper is mentioned and attributed to Colleto- 
iricMm. nigrum 'Ei. & H. A somewhat fuller description of this latter 
species is given in another article (3) published during the same year. 
Later, as a result of cross inoculation work with anthrocnose fungi from 
several host species, Halsted (5) apparently became doubtful as to the real 
identity of the pepper Gloeosporium. 

In 1898 Miss Stoneman (12) obtained the perithecial stage in single 
spore cultures of what she supposed to he Gloeosporium piperatum E. & E. 
and named the fungus Gnomoniopsis piperata n. gen. and n. sp. 

Later H. von Schrenk and Spaulding (10) changed the generic name to 
Glomerella because the name Gnomoniopsis had been used by Berlese for an 
entirely different group of Aseomycetes six years previous to Miss Stone- 
man's publication. 

Shear and Wood (11), after studying the perithecial and conidial stages 
of anthracnose fungi from a large number of host plants, drew the con- 
clusion that those from the majority of the hosts (including pepper) were 
identical and should be referred to Glomerella cingulata (Stoneman) von 
S. and S. 

During recent years several severe outbreaks of pepper anthracnose 
have been attributed to Collet otridium nigrum: but, so far as I can learn, 
no experimental evidence as to the relation of this organism to the decay 
has ever been published. 

Dastur (1), in reporting a study of pepper anthracnose in India and 
Burma, says of Gloeosporium piperatum E. & E. and Collet otrichum nigrum 
E. & Hals. : These fungi are considered to be identical and to be the 
conidial forms of Glomerella cingulata (Stoneman) Spald. and von Seh.'’ 

The present study was begun during the fall of 1919 for the purpose 
of determining the mode of infection and the means by which the organism 
or organisms live over winter. Observations indicated that, in fields where 
pepper had been grown for two or three years and diseased material allowed 

1 Paper number 19, Journal Series, Georgia Agr. Exp. Station. 

333 


334 


Phytopathology 


[VoL. 16 


to rot in the field, the disease was little, if any, worse than in fields where 
pepper had never been grown before. Preliminary inoenlation tests in- 
dictated that at least some forms of Gloeospornm oceniTing on pepper 
fruits were not actively parasitic. They were not capable of infecting 
sound fruits. 

Practically all inoculation tests previously reported were made on 
wounded fruits. Dastur (1) stated that the fungus was able to enter 
through the unbroken cuticle, but few details of these inoculation tests 
were given and one could not be certain that the inoculated fruits were 
free from cracks or small punctures. Following our failure to produce in- 
fection on sound fruits, these cracks came under suspicion as the points of 
attack by the fungus. Selection for the purpose of developing a type of 
Pimento less subject to cuticle cracks was actually begun in 1920, but was 
abandoned when later results showed these cracks to be of little or no con- 
sequence in the development of fruit rots. 

ISOLATIONS AND INOCULATION EXPERIMENTS 

The first isolation of Gloeosporium was made during the summer of 
1919 from a partly decayed ripe Pimento pepper fruit. A great many 
inoculations were made on Pimento fruits of all ages with both spores and 
mycelium of the fungus, but only a few infections resulted on wounded 
fruits and none on those not wounded. In all eases where infection oc- 
curred, the decay did not spread to any appreciable extent until the host 
fruit began to ripen. 

During the following spring some Chili pepper growing in the green- 
house became badly diseased. Comparatively small spots, usually one to 
two centimeters in diameter, appeared on the young green fruits as well as 
on the ripe fruits. The spots were sunken, circular to oblong in outline, 
only slightly changed in color, and bearing large orange-yellow acervuli 
usually arranged concentrically on the spot. The conidia were slightly 
larger and more uniform in size than those isolated the previous year. 
Both the spots and the associated organism seemed to correspond in every 
way with the description oi Gloeosporium piperatum E. & E. as given by 
Halsted. Elongated, grajdsh spots were also produced on the branches and 
main stem of the plants, these in some cases girdling and killing the 
entire plant. 

Spores were scraped from one of the fruit spots, suspended in water, 
and applied with a sterile cameFs hair brush to 5 green pods of Chili, 
5 Pimento, and 6 Bell peppers. The inoculated pods, with a like number 
of checks, were wrapped with moist absorbent cotton and kept moistened 
for 5 days. At the end of 1 days the cotton was removed. At this time 
spots were evident on some of the inoculated pods, and, by the tenth day, 
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typical antliracnose spots with orange yellow acervuli were found on four 
Chili, one Bell, and two Pimento pods. One of the Pimento pods had 30 
spots and the other about a hundred. None of the cheeks were diseased. 

A single spore culture was obtained from a diseased Chili fruit and 
was later used in making a large number of inoculations. Infections were 
produced readily on young fruits less than two inches long, but less fre- 
quently on older fruits after the cuticle had begun to thicken. 

During the fall of 1921 a Gloeosporium was isolated from a pale green 
spot on the cotyledon of a young seedling from commercial pepper seed. 
The morphological and cultural characters were similar to those of the 
form from Chili fruits, and successful inoculation of young pepper plants 
by spraying with a spore suspension and of young unwounded fruits by the 
previously described method proved it to be actively parasitic. 

During the summer of 1924 an antliracnose, produced by what appeared 
to be the same species of Gloeosporium, was very severe on a small plat of 
Bell pepper in the field. More than 50 per cent of the fruits were de- 
stroyed. During periods of moist weather it was difficult to find a sound 
ripe fruit. Single spore cultures were obtained from a diseased fruit ; and 
conidia from these cultures were used in inoculating approximately 100 
fruits of all ages. The spores were suspended in water and applied by 
various methods over the surface of the unwounded fruits, which were 
then wrapped with moist absorbent cotton and kept moist as in previous 
experiments. At the same time a similar number of uninoculated fruits 
were wrapped and kept moist as checks. About 75 per cent of the inocu- 
lations were successful. Those inoculated before the cuticle of the fruit 
had thickened, or after they had turned red, igave almost 100 per cent 
infection, but the nearly mature green fruits were resistant and rarely 
infected. This is doubtless due to the mechanical resistance of the thick 
cuticle against the entrance of the germ tube. None of the checks became 
infected. 

About the same time, a Glomerella (apparently G. piperata (Stoneman) 
von Sch. & S.) was isolated (single ascospore cultures) from a pepper fruit 
from another field. Both conidia and ascospores from these cultures were 
used in inoculating 50 fruits by the same method used in the above de- 
scribed experiments, except that a few of the fruits were wounded. Three 
of the wounded ripe fruits developed spots ; but none of the wounded green 
fruits and no unwounded fruit, either ripe or green, showed any evidence 
of infection. " 

These inoculations with. Glomerella were made on greenhouse grown 
plants from the same lot, at the same time, and under identical conditions 
as some of the inoculations with the parasitic form from Bell pepper. The 
Glomerella is evidently only very weakly parasitic, a wound parasite of 
ripe fruits. 
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Gloeospormm was again found in a field of Paprica pepper during the 
summer of 1925. The fungus was isolated and proved to he actively para- 
sitic by its ability to infect sound fruits. Twenty-one Bell pepper fruits of 
various ages were inoculated without wounding, by methods previously 
described, with conidia from a single spore culture. Eight, or 38 per cent, 
developed typical anthraenose spots. At the same time 26 similar fruits 
were inoculated with conidia from a freshly isolated culture of Glomerella 
piperata. None of these showed any evidence of infection. 

Further positive evidence of the parasitism of the form from Chili 
pepper fruits was gained from a histological study of inoculated spots. 

HISTOLOGICAL STUDY OP THE DISEASE 

Conidia from a culture of the actively parasitic Gloeosporium from 
Chili pepper were suspended in sterile water, to which a little powdered 
chalk had been added as a marker. With a sterile pipette droplets of this 
spore suspension were placed on the surface of young pods of Chili pepper. 
The pods were then wrapped with moist absorbent cotton. At the end of 
two, three, five, and seven days some of the inoculated spots were cut out 
and killed in Gilson ^s mercuric chloride solution. The material thus ob- 
tained was embedded in paraffin, sectioned, and stained with various stains. 

At the end of 48 hours the spores had germinated and had formed ap- 
presoria which clung to the host cuticle, but no cases of actual infection 
were found. In material killed the third day many infection tubes from 
the appresoria had passed through the cuticle and had begun to kill the 
surrounding cells (PI. XXIII, Pigs. 13-15). By the fifth day the fungous 
mycelium had spread extensively through the host tissue, large areas of the 
host tissue were killed, and in one case an acervulus was beginning to form 
(PI. XXIII, Pig. 16) . The material killed the seventh day was not well fixed 
and could not be used. 

For a more general study of the acervuli and of the more advanced 
stages of decay of the host tissue, naturally infected spots in various stages 
of development were killed, sectioned, and stained by similar methods. 

In many eases the host cuticle directly beneath the appresorium was 
changed in some way so that it was stained an intense black by Haiden- 
hain’s haematoxylin when other portions of the cuticle remained almost 
colorless. Apparently this occurred only when the appresorium was begin- 
ning to germinate. Usually, in such cases, one or more of the epidermal 
cells directly beneath the appresorium were dead, as indicated by the 
coagulation of the protoplasm and disintegration of the cell nucleus (PL 
XXIII, Pig. 13). Appearances indicate that the germinating appresoria se- 
crete an enzyme, or other substance, which dissolves, or at least softens, the 
cuticle, and also some toxic substance which penetrates and kills the neigh- 
boring host cells. 
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As the appresorinm germinates, a slender infection tube from the under 
surface passes directly through the cuticle, passing sometimes directly into 
an epidermal cell and sometimes between cells. As infection proceeds, the 
host cells are killed a distance of two to three, and sometimes more, cells 
ahead of the advancing hyphae. The middle lamella very quickly disap- 
pears, and the cell wall of the host is split into very thin lamellae (see cells 
in PI. XXIII, Figs. 16 and 19), the number depending upon the thickness 
of the cell wall. In the thick-walled cells near the epidermis, as many 
as 8 lamellae could be counted in the partly decayed cell wall, while in the 
large thin-walled cells of the interior there were usually only two. 

Penetration of the cell walls by the fungous hyphae appears to be 
effected partly by the dissolving action of an enzyme and partly by me- 
chanical force. In early stages of decay no indications of mechanical force 
are found; but in later stages the elements of the cell wall are usually 
pushed out of place (PL XXIII, Pig. 17), indicating that considerable force 
is ezerted by the advancing hyphae. Cutinized and lignified membranes are 
attacked very slowly. Hyphae enter the lignified cell walls of the vascular 
bundles through very small openings (PL XXIII, Fig. 18), apparently 
always through pits. The middle lamella soon disappears, but the lignified 
portions remain apparently intact when the surrounding tissues have en- 
tirely distintegrated. Corrosion of the cutin is quite evident where hyphae 
are in direct contact with it, but this action is only local and very slow. 
In mature pepper fruits the cell walls are cutinized to a depth of 3 to 8 
cell layers, the cutin being deposited between the cells. In old anthracnose 
spots on such mature fruits, the cellulose walls are disintegrated and split 
into their elemental lamellae while held together by the. apparently un- 
changed cutin deposit (PL XXIII, Pig. 19). 

The greatest vegetative growth of the fungus is within the inner soft 
tissue with thin cell walls ; but, when acervuli begin to develop, the epi- 
dermal cells become packed with mycelium. As the conidiophores de- 
velop, the outer wall of the epidermal cell is pushed up with the cuticle. 
Sometimes conidiophore layers are again formed in the underlying cells, 
and the first layer is pushed up to become a part of the loose covering of 
the new acervulus. 

The mycelium also pushes into the internal cavity of the fruit and at- 
tacks the placentae and seed, often killing the embryo. Whether or not the 
mycelium remains dormant in the coat of viable seed has not been de- 
termined ; but it has been isolated from cotyledons of seedlings from seed 
of a diseased Chili pod that had been soaked two minutes in a 1-1000 solu- 
tion of mercuric chloride. 
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OTHER ANTHRACNOSE ORGANISMS ISOLATED FROM PEPPER 

In testing various lots of commercial seed, a large percentage of the 
seedlings from some lots developed anthracnose spots on the cotyledons or 
hypocotyls, when grown under moist conditions. On some the acervuli had 
abundant setae, while others showed no setae whatever. Isolations were 
made from a number of these that appeared to be different. 

Our experience with the first organism isolated, indicating that it was 
not actively parasitic, together with observation in the field, led to the 
suggestion that perhaps we were dealing with several closely related organ- 
isms. During the summer and fall of 1921 a systematic search was made 
in the pepper fields for pepper pods bearing anthracnose spots of peculiar 
appearance. Notes were made as to the general appearance of the spots 
and as to the microscopic characters of the causal organism. Single spore 
cultures of the organism present were isolated from each spot thus noted. 
The cultures were numbered and labeled Colletotrichum or Gloeospormm 
in accordance with the presence or absence of setae in the acervuli of the 
original spot. 

Including those obtained from seedlings, 19 cultures were isolated and 
kept growing on culture media until intensive study and comparisons could 
be made. This was not possible until the summer of 1923, when the cultures 
had been on artificial media one and a half to three years and two had been 
lost. 

The 17 remaining cultures were grown on cornmeal agar, commeal 
mush, oatmeal agar, glucose agar, steamed bean pods, steamed pepper stems, 
and steamed tomato stems. Further isolations were made during the course 
of this study in 1923 and these were used also in some of the comparisons.^ 

The glucose agar had an initial reaction of pH 7.2. An indicator, brom 
thymol blue, was added before sterilization. Glucose broth was also pre- 
pared in the same manner. On both media the H-ion concentration at first 
increased to the yellow color of this indicator and then decreased to the 
full blue color of the indicator. There was considerable variation in the 
time required for these changes in reaction ; but the general course of the 
change was the same in all cultures, indicating that the reaction would 
probably have little value in separating species in this group of fungi. 

On the other media the color, luxuriance, and general appearance of 
the mycelial growth, the presence or absence of acervuli, their color when 
present, the size and shape of conidia, the presence or absence of setae, the 
presence of sclerotia, and the presence or absence of perithecia were noted 
and tabulated for easy comparison. 

2 Most of the comparisons were made by Dr. Adeline Ames while working as a special 
assistant during the summers of 1923 and 1924. Thanks are due to her for careful notes 
on the cultures and also for some of the drawings in Plate XXII. 
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In general the cultural characters were not sufficiently distinct and con- 
stant to be of much descriptive or diagnostic value. Some of the more dis- 
tinct forms did have distinctive characteristics in culture, but these were 
less striking than the morphological and other characters on the host plant. 
For mstSLuee Collet otrickitm No. 3 and No. 5 produced in young cultures on 
cornmeal a burgundy red color in the substratum, but this color gradually 
disappeared and was not distinctive in older cultures. 

The presence or absence of setae was not constant in a few cultures. 
In three originally labeled Collet otriclmm, no setae could be found in some 
cultures and two labeled Gloeosporium occasionally produced what ap- 
peared to be setae. It seems doubtful that they should be classed as time 
setae in either case. The spots from which some of the Coletotrickum cul- 
tures were obtained showed dark seta-like structures in older parts of the 
spots. These were generally rather elongate, much septate, thin-walled, 
and with a general appearance of being abortive conidiophores. Cultures 
from forms of a distinctly Collet otrichum type such as Nos. 3 and 5 (de- 
scribed under Colletotrichum sp.) always produce abundant setae. Even 
when conidia were found on scattered conidiophores, they were usually 
accompanied by one or more setae (PL XXII, Pigs. 8 and 9). 

Another, which appears to be identical with Colletotrichum nigrum, was 
isolated three different times; but in all cultures few or no conidia were 
produced and usually no setae. On all media tried, the cultures turned 
black after a few days, with innumerable small black sclerotia. Young cul- 
tures from spores usually produced conidia; but sub-cultures made by 
transfer of mycelium usually produced only sclerotia. 

In aU the cultures, the conidia produced on artificial media were 
slightly more variable in size than those produced on pepper fruits, but 
always of the same shape and general type. For instance, the conidia of 
Colletotrichum Nos. 3 and 5 were curved and had pointed ends on all media. 

Two of the original cultures (one of Colletotrichum and one Glomerella 
from ascospore) and two of Gloeosporium isolated during the summer of 
1923 produced perithecia in culture. Perithecia were also found quite 
commonly on diseased pods in the field during 1923. Upon the characters 
of perithecia and ascospores, however, these could be separated into two dis- 
tinct groups, apparently distinct species. 

IDENTITY OP ORGANISMS STUDIED 

The characters of five of the forms studied were so distinct as to leave 
little doubt of their being separate species. The actively parasitic Gloeo- 
sporium isolated from spots on Chili pepper fruits in 1920, from cotyledon 
of seedling in 1921, from Bell pepper fruit in 1924, and' from Paprica in 
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Tlie description of this species is emended as follows : 

Gloeosporium piperahim E. & E, Spots circular to elliptical in ouf- 
line, 1~2 centimeters in diameter, depressed, dirty green to yellowish, turn- 
ing brown in age. Acervuli formed within the epidermal or subepidermal 
cells, erumpent, circular to oblong, yellowish orange to salmon color; Co- 
nidia one celled, short rod-shaped, 5.4- 6.2 m- by 15.5-18.64^, ends 
rounded, hyaline, with prominent nucleus showing as refractive spot in 
center. 

Parasitic on fruits, stems, and leaves of Capsicum annuum. 

CMetotrichum nigrum E. & H. Spots irregular in outline; indefinite, 
depressed, blackish ; acervuli numerous, scattered over the spot, sub-cuticu- 
lar, sub-epidermal or superficial, up to 100 M' in diameter, black with nu- 
merous setae ; setae dark brown, septate, stout, tapering upward, 2 - 6.2 
by TS-IOOm-; conidia, hyaline, cylindrical, 3.5- 5.3 by 18.6- 25 ends 
blunt. Small black sclerotia found within the host tisue and in culture 
media. 

Wound parasite bn fruits of Capsicum annuum. 

Collet otrichum nigrum shows evident close relationship with C. tahafica 
(Hallier pro-parte) Pethybridge (9) and other sclerotium-producing 
species. 

Collet otrichum sp. Spots irregular in outline, indefinite, depressed, 
dark brown to blackish ; acervuli numerous, black ; setae numerous, septate, 
stout, straight or slightly bent, tapering upward, dark brown to black; 
conidia one celled, hyaline, sickle-shaped, ends pointed, 4 - 5.4 M' by 
18.6 - 25 M-. Small black sclerotia formed in cultures and occasionally 
within the host tissue. 

Wound parasite on fruits of Capsicum annuum. 

This species is possibly identical with Collet otrichum omnivorum Halst. 
(4) but apparently differs from it in size of spores and greater abundance 
of setae. 

Glomerella piperata (Stoneman) von Schrenk & Spaulding. Perithecia 
scattered, partly embedded in the host tissue or in a more or less stromatic 
mass of hyphae, globose to oval or pear-shaped, smooth or strigose with 
dark green hyphae about base and occasionally about ostiole, ostiolate, 
sometimes slightly beaked ; asci linear-club shaped ; ascospores hyaline with 
a prominent central nucleus, linear, curved, 4-6^^ by 18-24^, germina- 
tion usually direct without formation of cross wall. 

Conidia. Spots pale straw color with dark acervuli scattered over older 
parts; acervuli erumpent, small, setose and dark in age; setae black, sep- 
tate, tapering, few to numerous; conidia continuous, hyaline, cylindrical, 
3.5- 6 |i by 10.5-25 
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This species is probably identical with Gnomoniopsis piper at a Stone- 
man, but positive identification seems well nigh impossible at the present 
time, since the only type material (prepared slides) of G. piper at a now 
available show few of the characters of the fnngns. The peritheeia 
were described by Miss Stoneman as usually long beaked, whereas ours 
have rarely shown a well developed beak; but the asci and ascospores 
agree so closely with her description that there is little doubt in my mind 
as to its identity. 

Glomerella sp. Peritheeia scattered or in small groups, embedded in 
the host tissue, finally erumpent or in a more or less stromatic mass of 
hyphae, globose to flask shaped, usually long beaked; asci slender club- 
shaped, 12 by 40-80M'; ascospores hyaline to smoky, straight, oblong, 
6 - 9 M- by 12-18 at first continuous but uniseptate in old peritheeia 
and always becoming septate before germination. 

Conidial stage : spot circular or often irregular in outline, indefinite, 
dark colored towards center; aeervuli scattered, erumpent, at first pale 
yellow or straw colored, sometimes slightly setose in age ; conidia hyaline, 
short cylindrical, 4-6.5^^ by 16-21g, continuous, becoming uniseptate 
before germination. 

"Wound parasite on fruits of Capsicum anmium. 

The fact that several species of anthracnose-producing organisms occur 
on pepper pods offers a probable explanation of the very divergent opinions 
expressed as to the identity of the pepper anthracnose organism and its 
relation to anthracnose on other plants. Apparently Gloeospormm piper- 
ahm is not nearly so common on pepper pods as are some of the other, 
weakly parasitic forms. The latter infect blosson-end rot spots and other 
wounds and are nearly always present in pepper fields. They are, there- 
fore, the forms most frequently studied and reported as pepper anthracnose. 

Often two or more anthracnose organisms and other saprophytic fungi 
occur on a single spot. In one case, while isolating Collet otrichum nigrum 
from an original blossom-end rot spot, one single spore culture proved to be 
Glomerella piperata. Fortunately the fruit from which the isolation had 
been made was saved. Upon more careful examination it was found that 
the two organisms could be distinguished as distinct colonies which had 
intermixed along the edges, and Glomerella pirithecia were present on por- 
tions of the spot. 

No such mixture of organisms has been found in spots produced by the 
parasitic form here reported, although this also seems entirely possible. 

Prom my own observations, I am led to doubt Miss Stoneman having 
obtained the aseigerous stage ot Gloeosporium piperatum. I have never 
found any indication of peritheeia either in cultures of what I have here 
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considered Gloeosporkm piperatum or on pepper fruits affected with this 
form. 

Several workers have made comparisons of anthracnose organisms iso- 
lated from various hosts and upon these comparisons have based the con- 
clusion that they all belonged to the same species. Cross inoculations 
have, in most cases, been made by placing the fungus in wounds on more or 
less fleshy fruits. Under the conditions of these experiments any such 
weakly parasitic, poorly specialized organism might attack almost any 
fleshy fruit. Such cross inoculation experiments are without serious value 
in determining species in such an omnivorous group of fungi. 

Furthermore, any of these wound parasites may be found on wounded 
fruits or plant parts of other species of plants, which may account for the 
widespread occurrence of what Shear and Wood (11) and others have 
considered Glomerella cingulata isolated from various hosts. 

The opinion expressed by Dastur that Gloeosporium piperatum and 
Colletotrichum nigrum E. & H. are one and the same fungus and that both 
are identical with Glomerella cingulaia does not appear to be well founded. 
From his discussion I am led to doubt his having worked with Gloeosporium 
piper ahm, and feel certain that he never worked with Colletotrichum 
nigrum. These two have so few characters in common that I do not believe 
that anyone, having compared them, could say that they are identical. 

OVERWINTERING OP GLOEOSPORIUM PIPERATUM 

With many parasitic Ascomycetes the perithecial stage matures in early 
spring and the ascospores serve as the principal, and often the only, source 
of spring infection; but, in the section of Gloeosporium to which G. piper- 
atum is most closely related, the perithecial stage develops along with the 
conidia and apparently does not play any very important role in the propo- 
gation of the fungus. Possibly the ascospores are more resistant than 
conidia to unfavorable environmental conditions and may be able to live 
in the soil for a longer period. But, if G. piperatum has a perithecial stage, 
it develops so rarely as to be unimportant in disseminating the fungus. 

The longevity of the conidia in soil or under field conditions has not 
been determined ; but there is no indication that anthracnose is worse in 
fields where pepper has been grown for three or more consecutive years 
than in fields where pepper has never been grown before. Halsted (6) 
reported that application of decayed fruits and stems from previous crops 
did not increase the amount of disease. Prom observation I am led to 
believe that seed-borne spores are the most important source of primary 
infection. 

The results of seed treatment tests and examination of seedlings previ- 
ously reported (7) indicate that the spores of Gloeosporium piperatumyas 
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well as those of other fungi, become attached to the surface of the seed 
during the process of washing and drying and infect the young seedlings 
as they emerge from the seed coat. The fungus persists in rather incon- 
spicuous spots on the leaves and stems of the plants until fruits are formed. 
This is probably the most important source of pod infection. 

The amount of seedling infection can be greatly reduced by surface 
disinfection of the seed. Soaking 5 minutes in a 1-1000 mercuric chloride 
solution or 10 minutes in a 1-60 solution of copper sulphate followed by 
dusting with air slaked lime has been found effective for this purpose. 
Presoaking in water before either treatment increases the efficiency of the 
disinfectant. 

SUMMARY 

1. A study of pepper anthracnose has shown that several species of 
Gloeosporium and Collet otricJium occur on the fruits and other parts of 
the pepper plant. At least five distinct species have been isolated during 
the course of the study. 

2. Of these, only one species, apparently Gloeosporium piper atum, is 
actively parasitic. This species attacks the fruits in all stages of develop- 
ment and occasionally produces spots and girdling of stem and branches. 

3. Gloeosporium piperatum is comparatively rare in pepper fields. 

4. The other four species are wound parasites, which enter and some- 
times enlarge blossom-end rot spots and other wounds on pepper pods. 
These are the forms most common in the field. 

5. Golletotrichum nigrum is a wound parasite on pepper pods. It has 
very distinctive characters and is not easily confused with Gloeosporium 
piperatum or any of the other anthracnose organisms found on pepper 
during the present study. 

6. The perithecia of two species of Glomerella have been found on 
pepper pods. Both have Gloeosporium-like conidial stages. 

7. The germinating spores of Gloeosporium piperatum produce one or 
more appresoria, which, after becoming firmly attached to the cuticle of 
the pepper pod, send infection tubes through the cuticle and into the in- 
terior of the pod. 

8. The entrance through the cuticle is gained apparently by a cutin 
dissolving substance produced by the appresorium or by the infection tube. 

9. The fungous mycelium secretes some toxic substance which kills the 
host cells before they are actually penetrated by the advancing hyphae. 

10. The cellulose and hemi-cellulose membranes of the host tissue are 
readily destroyed by the fungus ; but eiitinized and lignified membranes are 
very resistant to its action, being decayed only very slowly. 
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11. The spores of the fungus become attached to the surface of the 
pepper seed during the process of cleaning and washing and attack the 
young seedlings as they emerge from the seed coat. 

12. Surface disinfection of the seed greatly reduces the amount of 
seedling infection. 

Georgia Experiment Station, 

Experiment, Ga. 
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DESCRIPTION OF PLATES 
Plate XXII 

Drawings to illustrate morphological characters of five anthracnose fungi isolated 
from pepper fruits. All figures except 1 and 4 drawn to same scale with Zeiss 6 ocular 
and D objective, with the aid of a camera lucida. 

Fig. 1. Perithecia of (xZomereZZa sp. developed on steamed tomato stems. 

Fig. 2. Asci of same species of Glomerella. 

2a. Ascospoi'es. 

2b. Germinating aseospores. 

Fig. 3. Conidia of same species of Glomerella. 

3a. Germinating conidia. 

Fig. 4. Perithecia of Glomerella piperata, ^ 

Fig. 5. Asci of G. piper at a. 

5a. Aseospores of G. piperata. 

5b. Three germinating aseospores. 

Fig. 6. Conidia of G. piperata. 

6a. Three germinating conidia. 

Fig. 7. Acervulus of Colletotriohim sp. developed on cornmeal agar plate. 

Fig. 8. Conidia developing on scattered conidiophores on same medium. 

Fig. 9. Conidia from steamed tomato stem. 

Pig. 10. Conidia of Gloesporium piperatum from green pepper fruit. 

10a. Four conidia germinating in water. 

Fig. 11. Conidia and setae of Collet otrichmn nignm from pepper frait. 

Fig. 12. Three germinating conidia of C. nigrum. 

Plate XXIII 

All figures drawn with aid of camera lucida, Figs. 13, 14, 15, and 18 with Zeiss No. 
8 ocular and B. & L. 1.9 mm. (Fluorite) objective, Fig'. 17 with No. 12 ocular and 1.9 
mm. objective, and Figs. 16, 19, 20, and 21 with No. 8 ocular and B. & L. 4 mm', ob- 
jective. 

Figs, 13-15. Germinating conidia and appressoria of Gleosporium piperatum on the 
cuticle of a young fruit of Chili pepper 72 hours after inoculation. In 14 and 15 germ 
tubes have penetrated the cuticle. 

Fig. 16. Section of Chili pepper fruit 5 days after inoculation, showing mycelium 
passing through pits from cell to cell in the cutinized area and the beginning of an 
acervulus within the epidermal cells. Note disintegration of host cell walls still held in 
place by cuticle. 

Pig. 17. Mycelium of G. piperatum passing through cell wall, showing dissolution 
of middle lamella and displacement of cellulose membrane by pressure from hypha. 

Pig. 18. Mycelium in dignified ducts in a decayed area of Cliili fruit. 

Fig. 19. A young acervulus of Gloeospornm developing in the epider- 

mal cells of a green Chili fruit, natural infection. 

Fig. 20. Acervulus ot Colletotrichum nigrum irx decayed tissue of Pimento fruit. 

Fig. 21. Section of sclerotium of C. nigrum within decayed tissue of Pimento fruit. 
The cells are mostly empty and dead soon after maturity. 
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further EXPEEIMENTS ON THE CONTROL OF BUNT OF 
WHEAT AND THE SMUTS OP BARLEY AND OATS 


E. W. Leukel 

During the past few years much experimental work has been done on 
new seed treatments, both liquids and dusts, for the control of cereal smuts. 
Many new proprietary compounds have been developed for plant disease 
control, some of which have considerable merit. 

From 1921 to 1924 about thirty such compounds were used in experi- 
ments at the Arlington Experiment Farm, Rosslyn, Va., in an attempt to 
find materials superior to bluestone and formaldehyde for the control of 
certain of the cereal smuts.^ During the crop season of 1924-1925 the most 
promising of these compounds, together with others more recently received, 
were selected for further study. As the data from these studies, to a great 
extent, confirm those of previous investigations, it is thought desirable to 
publish them. 

Experiments with treatments for the control of bunt were confined 
almost entirely to dusts, of which twenty were used. In order to test 
thoroughly the fungicidal properties of these dusts, Purplestraw wheat 
from the crop of 1924 was heavily dusted with bunt spores by mixing 1 
part of bunt with 100 parts of wheat by weight. This mixture was shaken 
in a closed container so that the kernels were thoroughly coated with spores. 
The excess bunt was then removed by sifting. This procedure resulted in 
more heavily infested seed than probably is ever sown under ordinary field 
conditions. Bunt control by a compound under these circumstances, even 
if not perfect, should serve as an indication of its merits. 

Inasmuch as the seed was very heavily bunted, the dusts also were 
applied quite heavily — at the rate of 8 ounces per bushel. Wheat usually 
will not retain more than 2 to 3 ounces per bushel, so, after the mixture 
had been thoroughly shaken in a closed container, the excess dust was re- 
moved by sifting. Three liquid treatments were used for purposes of 
comparison. 

The treated seed was sown on Arlington Experiment Farm, Rosslyn, 
Va., October 13, 1924, at the rate of one gram per foot in 16-foot rows repli- 
cated several times. Germination tests were made by sowing 250 kernels 

1 Tisdale, W. IT., Taylor, J. W., Leukel, E. W., and Griffiths, Marion A. New seed 
disinfectants for the control of bunt of wheat and the smuts of oats and barley. Phyto- 
path. 15: 651-676. 1925. 
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from eacli lot of treated seed in 16-foot rows replicated four times, along 
with fifty similarly sown rows of untreated seed. G ermination counts were 
made ten days after sowing. Germination tests also were made in green- 
house benches. 

Infection counts were made in June, 1925. In those rows in which in- 
fection was light, all the bunted heads were counted. The average total 
number of heads per row was determined by counting the heads in a num- 
ber of representative rows, and from this the percentages of infection were 
computed. In the more severely bunted rows the percentages of infection 
were arrived at by examining a hundred heads in each row. 

The different rows were harvested and threshed separately, and the 
average yield in bushels per acre was computed for each treatment and for 
the corresponding untreated controls. The germination and infection data, 
together with the yields in bushels per acre, are shown in table 1. 

Of the twenty dusts used, thirteen controlled bunt satisfactorily, tak- 
ing the abundantly infested seed into consideration. Formaldehyde was 
the only treatment which completely eradicated bunt, but it reduced germi- 
nation and yield considerably. Copper sulphate solution controlled bunt 
satisfactorily, but its effect on germination and yield also was undesirable. 
Five of the eight dusts furnished by the E. I. du Pont de Nemours and 
Company, Inc., were fairly satisfactoiy, but not all of these as yet are being 
manufactured in large quantities. Excellent results followed the use of 
Karasch Compounds and but these substances are not being 

made on a commercial scale. Bayer No, 3, Corona 640-S, and nickel car- 
bonate also were fairly satisfactory. Copper carbonate, as in previous ex- 
periments, gave excellent results from the standpoint of germination, bunt 
control, and yield, even when it contained only 18 per cent of metallic 
copper. Among the commercially available dusts it seems unsurpassed for 
general use in bunt control. 

Experiments were conducted on the control of covered smut of barley 
with a limited number of liquid treatments, some of which had given ex- 
cellent results in previous experiments. Seed of Tennessee Winter bailey, 
naturally infested and artificially inoculated with covered smut and con- 
tained in cheesecloth sacks, was immersed in the different solutions. After 
being allowed to dry, it was sown on Arlington Experiment Farm, October 
10, 1924, at the rate of one gram per linear foot in 16-foot rows replicated 
twelve times. Germination counts were made in the field and in the green- 
house, as previously described for wheat. Infection counts were made May 
14, 1925, by counting the infected heads in each row. The average number 
of heads per row was determined as in the case of wheat, and from this the 
percentage of smut was computed. These data are shown in table 2. 
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TABLE 1. — Summary of data on seed germination in the field and greenhouse, hunt con- 
trol, and yield in Purplestraw wheat from seed untreated or treated with differ- 
ent disinfectants and sown in 16- foot rows on Arlington Experiment 
Farm, Eosslyn, Va., October IS, 19M, Infection data taken 
June, 19^5 


No. 

Treatment 

Germination 

Replica- 

tions 

Bunt 

Average 

yield 

Field 

Greenhouse 







(Bushels 



(Pet.) 

(Pet.) 

(Number) 

(Pet.) 

per A.) 

1 ' 

Untreated control 

62 

71 

13 

46.5 

17.4 

2 

Copper carbonate (C.P.)- 

65 

78 

13 

0.84 

27.5 

3 

Corona Coppercarb 

71 

85 

13 

0,65 

28.5 

4 

Untreated control 

66 

70 

13 

54.4 

17.6 

5 

NichoPs copper carbonate 

71 

84 

13 

0.48 

28.4 

6 

Corona copper stearate 

71 

75 

13 

8.2 

27.1 

7 

Untreated control 

68 

74 

13 

49.7 

14.8 

8 

Semesan 

70 

84 

13 

0.74 

25.8 

0 

Uspulun bolus 

71 

81 

13 

30.0 

18.9 

10 

Untreated control 

66 

72 

13 

49.1 

15.5 

11 ■ 

Bayer No. 3 

73 

88 

13 

1.16 

26.7 

12 

Corona 640-S 

71 

77 

13 

1.2 

26.9 

13 

Untreated control 

67 

73 

13 

51.5 

16.8 

14 

Dupont No. 12 

73 

86 

13 

0.5 

26.0 

15 

Dupont No, 13 

73 

83 

13 

26.3 

25.0 

16 

Untreated control 

68 

68 

13 

49.5 

17.7 

17 

Copper sulphate (dust) 

63 

69 

i 13 

3.0 

23.8 

18 a 

Copper sulphate (solution) 

58 

76 

1 13 

0.55 : 

25.5 

19 

Untreated control 

66 

69 

1 . 6 

48.0 

18.9 

20 

Flowers of sulphur 

68 

76 

1 6 

16.0 

27.1 

21b 

Colloidal sulphur 

70 

77 

; 6 

32.0 

23.9 

22 

Untreated control 

65 

67 

6 

38.8 

19.6 

23 

Karasch Compound A 

70 

84 

6 

0.86 

29.2 

24 

Karasch Compound B 

70 

81 

I 6 

0.1 

30.7 

25 

Untreated control 

68 

62 

(5 

44.6 

19.9 

26 

Nickel carbonate 

69 

80 

6 

2.6 

28.4 

27 

Dupont No. 16 

70 

75 

6 

2.4 

27.6 

28 

Untreated control 

66 

64 . 

6 

48,3 

19.6 

29 

Dupont No. 18 

76 

83 

6 

0.5 

28.1 

30 

Dupont No. 19-B 

78 

83 

6 

22.5 

23.3 

31 

Untreated control 

67 

61 

1 ■ ' 

45.1 

18.8 

32 

Dupont No. 9 

75 

88 

6 

0.2 

30.5 

33 

Dupont No. 30 

74 

80 

6 

28.8 

25.4 

34 

Untreated control 

67 

65 

4 

46.5 

16.6 

35 c 

Formaldehyde 

40 

50 

10 

0 

19.0 

36 

Untreated control 

64 

67 

3 

44.5 

1 19.5 


al-lOdip. 

per cent solution, 1 hour, 
c 1:320 for 10 minutes. 
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TABLE 2 . — Simnmary of data on control of covered smut in Tennessee Winter harley and 
of covered and loose smuts in Aurora oat from smutted seed, untreated, or 
treated with various disinfectants, and sown on Arlington Exyenment 
Farm, Mosslyn, Va., October 10, 19^4, in single 16- foot rows, 
replicated twelve times for barley and fourteen times 
for oats* Infection data tahen in May, 1925 


No. 

Treatment 

Strength. 

Time 

Germination 

Smut 

Field 1 Greenhouse 



(Pet.) 

(Hrs.) 

(Pet.) 

(Pet.) 

(Pet.) 



Barley 




1 

Control 

_ 

~ 

78. 

90. 

8 . 

2 

Uspulun 

.3 

1 

79. 

96. 

0.04 

3 

Germisan 

.3 

1 

85. 

93. 

0 . 

4 

Control 

- 

- 

84. 

95. 

8 . 

5 

Semesa^ 

.3 

1 

84. 

94. 

0.3 

6 

Corona 640-'S ... 

.3 

1 

84. 

91. 

9. 

7 

Control 

- 

- 

82. 

96. 

7. 

8 

Formalin 

.3 

1/2 

64. 

80. 

0,06 

9 

CUSO 4 

2.4 

1/6 

84. 

92. 

1 . 

10 

Control 

- 


81. 

94. 

8 . 

11 

Colloidal Sulphur 

.5 

1 

78. 

96. 

7. 

12 

Water 

- 

1 

84. 

95. 

15. 




Oats 




1 

Control 

- 

- 

85. 

92. 

8 . 

2 

Uspulun 

.3 

1 

76. 

94. 

0 . 

3 

Germisan 

.3 

1 

75. 

96. 

0 . 

4 

Control 


-- 

82. 

96. 

9. 

5 

Semesan 

.3 

1 

79. 

95. 

0.07 

6 

Corona 640-S 

.3 

1 

78. 

96. 

9. 

7 

Control . ... 



82. 

94. 

10 . 

8 

Formalin i 

.3 

1/2 

68 . 

95. 

0 . 

9 

CUSO 4 

2,4 

1/10 

79. 

96. 

0.3 

10 

Control 

- 

- 

81. 

97. 

9. 

11 

Colloidal Sulphur 

.5 

1 

76. 

98. 

0.7 

12 

Water 

— 

1 

71. 

98. 

12 . 


Germisan at .3 per cent for one hour eliminated covered smut com- 
pletely, while Uspulun and Semesan reduced it to a very slight trace. 
Formaldehyde also gave fair control but reduced the percentage of germi- 
nation. Corona 640-S, copper sulphate, and colloidal sulphur were unsatis- 
factory. Soaking the seed in tap water for one hour seemed to increase 
greatly the amount of smut. The reasons for this are not yet definitely 
known. 
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SUMMARY 

1. Among twenty dusts used in experiments for the control of bunt, 
copper carbonate was found to be very satisfactory from the standpoint 
of germination, control, and yield, even when containing only 18 per cent 
of metallic copper. Its low cost and abundant supply make it the logical 
dust to recommend to the farm.er. Several other dusts have been found 
equal or even superior to copper carbonate for bunt control, but their high 
cost or limited supply at present prevent their extensive use. 

2. Germisan, Uspulun, and Semesan, in the order named, were most 
effective for combating covered smut of barley and the covered and loose 
smuts of oats. Formaldehyde controlled these smuts but caused some in- 
jury to seed. 

3. Soaking oats and barley in water before sowing seems to increase 
the amount of smut. 

Office of Cereal Investigations, 

Bureau of Plant Industry, 

United States Departmenr of Agriculture. 


The liquid treatments used for barley were applied also to Aurora oat 
for the control of loose and covered smuts. The same procedure was used 
as in the case of barley, and similar results were obtained, as shown in table 
2. Both Germisan and Uspulun at .3 per cent strength for one hour con- 
trolled the oat smuts perfectly, while Semesan allowed only a slight trace 
to appear. Formalin at .3 per cent for thirty minutes eliminated the smut, 
but reduced the percentage of germination in the field. Colloidal sulphur 
and copper sulphate reduced the smut to an almost negligible amount, 
while Corona 640-S was worthless as a preventative for oat smuts. Soaking 
the seed in tap water for an hour, as in the case of barley, caused a slight 
increase in the amount of smut. 
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THE RELATION OP SOIL TEMPERATURE AND SOIL MOISTURE 
TO THE DEVELOPMENT OP HEAD SMUT OP SORGHUM^ 

J. J. 0 H R I S T E N S E N 
With One Figure in the Text 

INTRODUCTION 

From field observations and experiments covering a period of years, 
it appeared that soil temperature and soil moisture determine to a great 
extent the occurrence and severity of head smut of sorghum, caused by 
Sorosporium reiliamm (Kuhn.) McAlpine. For this reason the writer made 
experiments to determine the effect of these two factors on the develop- 
ment of the disease. 

METHODS 

Soil temperature experiments were made in constant temperature 
tanks. The water in these tanks is heated by electric heating elements en- 
closed in waterproof brass containers. These are situated a few inches 
above the bottoms of the tanlcs. The temperature is regulated by thermo- 
stats devised and manufactured by the Specialty Manufacturing Com- 
pany of St. Paul, Minnesota. These have proved more satisfactory than 
the generally used relay thermostats. They are operated by the contrac- 
tion and expansion of bulbous discs containing ether, and immersed near 
the surface of the water in the tanks. The electrical contact is made and 
broken by the tilting of a sealed glass tube, containing nitrogen, a few cubic 
centimeters of mercury, and the electrodes. 

The soil cans used for these tests were 20 cm. in diameter and 44 cm. 
deep. Each can contained the same quanitity of soil, the upper level of 
which was 3—4 cm. below the water level in the tanks, and was covered 
with 2-3 cm. of granulated cork. 

Two different lots of soil were used. In 1924, heavily infested soil was 
obtained from a field at Waconia, Minnesota. In 1925, a black loam from 
University Farm, St. Paul, Minnesota, was used. In both trials three 
parts of soil were mixed with one part of sand. Smut spores and cultures 
of the organism were thoroughly mixed with the soil before the cans were 
filled. 

1 The writer is indebted to Ur. E. 0. Stakman for valuable suggestions and helpful 
criticisms. 

Published with the approval of the Director as Paper No. 581 of the Journal 
Series of the Minnesota Agricultural Experiment Station. 
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In 1924, six tanks, each with four cans, were maintained at tempera- 
tures as follows: 16°, 21°, 25°, 28°, 31°, and 34° C. In 1925, seven tanks, 
each with six cans, were kept at the following temperatures: 12°"16°, 16°, 
20°, 24°, 28°, 32°, and 36° C. In this last test, the. soil in half the number 
of cans in each of the temperature tanks was adjusted to low and the other 
half to high moisture content. On an oven dry basis the moisture con- 
tents were approximately 15 and 25 per cent respectively. The moisture 
content of the soil in different tanks fluctuated somewhat, but in every 
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Fig. 1. The influence of soil moisture and S'Oil temperature on infection of Minnesota 
Amber cane by /Sorosponim mZmuwn. 
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case twice as much water was added to the cans in the wet series as to 
those in the drj^ series. 

There was some variation at the lower temperatures; on two separate 
occasions the tanks kept at 16° and 20° C. varied two degrees for a few 
hours. The temperature of the coldest tank gradually rose from 12° to 
16° C. before the completion of the three-weeks’ experiment. However, the 
soil temperature seldom deviated more than one-half degree from those 
given. 

The aerial parts of all the plants in a given test were exposed to similar 
atmospheric conditions. After the plants had developed from two to four 
leaves, they were transplanted to the field, where they matured. Smut 
counts were made in September. 

Two selfed lines of Minnesota Amber sorghum, improved by Dr. J. J. 
Willaman of the Agricultural Biochemistry Division, University Farm, St. 
Paul, Minnesota, were used in all the experiments. 

RESULTS 

The results obtained in 1924 and in 1925 agree very closely with each 
other. They tend to prove that the interaction of soil moisture and soil 
temperature determines whether or not infection occurs, and the severity of 
the attack. The results are summarized in tables 1 and 2. 


TABLE l.—The influence of soil temperature on infection of Minnesota Amber cane 
hy Sorosporium reilianum in 


Temperature in 
degrees C. 

Total number 
culms 

Number culms 

1 infected 

1 ' , 

Per cent culms 
infected 

16 

141 

1 

0.71 

21 

57 

3 

5.26 

25 

92 

33 ; 

35.87 

28 

73 

28 ! 

38.35 

31 

149 

29 ; 

19.46 

34 

107 

. -.1 , 

0.93 


a Moisture percentage not determined. 


It is evident that S. reilianum can infect sorghum seedlings at tem- 
peratures ranging from 16° to 36° C, The results indicate also that the 
infection was not favored either hy relatively high or low temparatures. 
From tables 1 and 2, and figure 1, it is evident that rather high soil tem- 
perature (20°-30° C.) during germination of the seed and emergence of 
the seedling favor infection. The highest percentage of infection was ob- 
tained at 28° C. The upper temperature limit for infection is probably 
near 36° C. and the lower limit apparently is not much below 16° G. 
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From table 2 and figure 1, it is obvious that low soil moisture (15 per 
cent on an oven dry basis) was much more favorable for infection than 
high soil moisture (25 per cent). In the moist series no smut developed at 
16° C., and it was materially reduced at other temperatures. The minimum 
temperature for infection varies with the amount of moisture in the soil. 

It is interesting to note that the thermal range for infection coincides 
fairly closely with that for spore germination^ and growth of the pathogene 
in culture. Potter found that the optimum temperature for growth of the 
organism in artificial culture was between 28° and 30° C. 


TABLE 2. — The influence of soil maisture and soil temperature on infection of Minne- 
sota Amber cme by Sorosporium reilianum in 19$5 


Temperature 
in degrees C. 

Moist series* 

Dry series^ 

Total 
no. culms 

Ko. culms 
infected 

Per cent culms 
infected 

Humber 

plants 

Total 
no. culms 

Per cent culms 
infected 

12-16 

48 

0 

0 ^ 

35 

1 

2.82 

16 

35 

0 

0 

111 

19 

16.21 

20 

288 

13 

4.51 

247 

59 

23.89 

24 

272 

14 

5.15 

276 

73 

26.45 

28 

171 

40 

23.39 

234 

109 

46.50 

32 

188 

25 

13.29 

235 

45 

19.15 

36 

217 

1 

0.46 

202 1 

22 

10.89 


a 25 per cent moisture on oven dry basis, 
b 15 per cent moisture on oven dry basis. 


There was no correlation between the rate of germination of the sor- 
ghum seed and the percentage of smut which developed. Seeds kept at 
16° C. required from 10 to 14 days to emerge, while those kept at 28° C. 
appeared above the surface in 3 or 4 days. Above 30° C. the time for 
germination was shorter than at 28° C. Seeds germinated most rapidly 
at 34° and 36° C., and the plants grew best at 28° to 36° C. These results 
seem to indicate that soil temperature and soil moisture determine the 
amount of smut by affecting the pathogene directly, rather than indirectly 
by influencing the host plant. 

A low percentage of infection appears to be correlated with low tempera- 
ture and high precipitation. The variation in soil moisture and soil 
temperature at planting time no doubt explains the differences in the 
severity of the disease in the same fields in different seasons. The optimum 
temperature for germination of spores, production of sporidia, and for in- 
fection of sorghum seedlings seldom occurs in Minnesota at planting time. 

2 Potter, Alden A. Head smut of sorghum and maize. Jour. Agr. Kes. 2: 339- 
37L 1914. 
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Undoubtedly this is one of the most important factors in reducing the 
severity of the disease in those localities of the state where sorghum is 
grown intensively. 

StTMMAl?,Y 

1. A preliminary study was made, under controlled conditions, of the 
effect of soil moisture and temperature on the development of head smut 
of sorghum. 

2. Seedlings of sorghum became infected in dry soil at temperatures 
ranging from 16° to 36° C. In moist soil no infection occurred at 16° C. 
The amount of infection was greatly reduced toward the two extremes of 
soil temperature. 

3. The optimum soil temperature for infection was 28° G. The mini- 
mum, and probably the maximum, fluctuates with the percentage of mois- 
ture in the soil. 

4. High soil moisture materially reduced the percentage of smutted 
plants at all temperatures and also narrowed the thermal range for infec- 
tion. 

5. The results indicate that soil temperature and moisture during the 
period of germination and emergence of sorghum plants determine to a 
large extent the severity of the disease under field conditions. 

Minnesota Agricultural Experiment Station, 

University Farm, St. Paul, Minnesota. 





FEITITLET BLACK EOT DISEASE OP PINEAPPLE 

HeneyD. Barker 
With Two Figures in the Text 

During the summer of 1924 the writer’s attention was called to a 
disease occurring in pineapples at Cap Haitien, Haiti. 

Externally the diseased fruit appears to be quite normal. During the 
past year several thousand fruits have been cut in an intensive study of 
this condition. The results indicate that in certain desirable commercial 
varieties, such as the Smooth Cayenne, the proportion of diseased fruits 
may run as high as 50 to 75 per cent during certain seasons of the year. 
Unfortunately the disease is apparently more severe during the summer 
season, which is also the principal harvest season of the fruit. A second, 
and generally much smaller, crop of fruit is produced during the winter 
months, when the disease may be less severe. Available literature indi- 
cates that the disease is unknown in the pineapple region of Hawaii. 
NowelP describes what is apparently the same disease as occuring in vari- 
ous parts of the West Indies, and says that the existence of this trouble; 
has a serious reaction on attempts to establish the pineapple industry. 

The most conspicuous symptoms that we have observed are briefly as 
follows: I 

A cut fruit may reveal one or many affected fruitlets in which there 
are dark brown or blackish spots (Pig. 1). The diseased tissue is typically 
dry and more or less hard. This is so marked in severe cases that diseased 
fruits can be distinguished as they are being cut in two. In many cases 
the disease appears to commence in the placentae and extend in dark, some- 
what granular radiations, A portion, or all, of the inner surfaces of the 
individual fruitlet may be affected, or the entire fruitlet may be blackened 
throughout. Even in the more severe cases, it appears to be a fruitlet rot 
rather than a general rot of the entire fruit. 

In general, the disease does not appear to affect the connective tissue. 
In certain eases, however, the fibrovascular bundles in the core of the fruii 
are distinctly browned (Pig. 1). This peculiar rot does not manifesi 
itself in the green or immature fruit, or even in immature fruitlets some 
times found near the top of a ripe fruit. It develops during the proces/ 
of ripening, but does not spread in storage or after-ripening. A diseasec 

i Nowell, W. Diseases of crop-plants in the Lesser Antilles. West India Commit 
tee, 14 Trinity Sq., London. 349-350. 1923. I 
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fruit may be kept until yeasts and other organisms have completely fer- 
mented and decayed it, with no extension of the blackened areas. This 
disease must not be confused with the several somewhat similar, but less 
serious, fruitlet spots or rots that occasionally occur in pineapples. The 


"Fig. 1. Photograph, of cross-section of fruit affected by fruitlet black rot. Natural 
infection, unusually severe. Note blackened fibrovascular bundles, 

evidence indicates that unusually large fruits are more subject to attack 
than are the smaller ones. No external symptoms of the disease have been 
discovered. However, in a known, but apparently undescribed, disease, a 
^^gummosis,’^ in which amber-like gum or waxy secretion is exuded from 
the eye, seems to be a related phenomenon. 

Under natural conditions in the field here, gummosis is rare, and the 
fruitlet underneath the gummed eye may or may not be blackened. How- 
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ever, wlieix the fruitlet black rot is produced artificially by needle puncture, 
gummosis is a quite commonly associated s^^miptom. This possibly may be 
accounted for by the fact that, under natural conditions, there is no ap- 
parent connection between the affected part of the fruitlet and the external 
surface of the fruit. The greater amount of inoculum and the greater 
injury to the tissues during artificial inoculation also may be important 
factors. 

Although the disease has occurred in the West Indies for some 20 years, 
apparently very little is known concerning its actual cause and nature. 
From the work of Howard, in 1901, and of other mycologists of the 
Iihperial Department of Agriculture of the West Indies, Nowell eon- 
-cludes: ^^A species of Penicillium is uniformly found to occupy the spots, 
fruiting in small cracks and in the cavity of the ovary. 

/^The beginning of the spots, and the entry of the fungus into the 
tissues is associated, commonly at least, with perforations in the tough wall 
of the old floral chamber (the eye) near the insertion of the style. Species 
of Penicillmm are generallj^ present on the withered floral organs, and it 
is regarded as probable that the fungus depends for access to the pulp, on 
punctures made by insects or mites inhabiting the enclosed floral chamber. 

Under conditions in Haiti Penicillium also has been found to be almost 
universally present on the old withered floral organs in the ^^eye,’’ in both 
diseased and healthy fruits. However, within the tissue of the diseased 
fruit Penicillmm is rarely found, except in the more advanced stages, when 
it and a great variety of secondary filamentous fungi, yeasts, and bacteria 
become common. 

In plates made from the earliest stage of the disease, the organism most 
commonly obtained was a pale yellowish bacterium with rugose colonies. 
Inoculations of this organism into the fruitlets, by needle punctures, were 
made in the field on fruits that were judged to be about 10 days from 
maturity. The first inoculations were made through the floral chamber 
•or eye. These were then sealed with grafting wax. Practically 100 per 
cent infection was obtained both in the inoculated fruits and in the checks 
which had been punctured and sealed. In the second series of inoculations 
the surface of individual fruitlets was disinfected with 1-1000 bichloride of 
mercury, punctures were made from the outside and immediately sealed 
with grafting wax. Care was exercised to prevent the needle from enter- 
ing or puncturing the floral cavity. This method gave uniform infection 
in the inoculated fruits, while the checks remained healthy, that is, the 
percentage of diseased fruits in the checks was no greater than the average 
■field run at that particular time. Furthermore, the diseased fruitlets occur- 
ring in the checks were distributed throughout the fruit in such a way as 
to suggest no relation to punctured fruitlets. The artificially produced 
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black fruitlet rot was typical, and charaet eristic of the iiattirally produced 
disease (Fig. 2). The only divergence noted was the associated ^‘guni- 
niosis’’ in the case of the artificially produced disease. In some cases the 
disease seemed to be strictly localized, being confined to the inoculated 
fruitlets or sometimes spreading to a few eontignous fruitlets; in other 
cases it seemed to be more or less systemic, spreading to all the ripe 
fruitlets and causing a browning of the vascular strands in the core of 
the fruit. This apparent difference in reaction has not yet been 
explained. Reisolations of the same yellow bacterial organism were ob- 
tained from the typically blackened tissue, from the browned bundles in the 
core, and from the gummy exudate. 


Fig. 2. Early stages in the disease. Individual fruitlets cut from cross-section of fruit 
in which disease was produced artiiicially. Note the beginning of the disease 
in the placentae and its development in the fruitlet. 

For many reasons the problem has been, and in many features still 
is, a very perplexing one. Upon the completion of experiments now in 
progress details regarding the identity of the causal organism, attempted 
control measures, etc., will be published in a joint paper with Dr. G. N. 
Wolcott, Entomologist of the Haitian Department of Agriculture. 
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SUMMARY 

1. A fruitlet black rot disease of pineapples occurring in Haiti is de- 
scribed. The disease is very severe in the improved variety Smooth 
Cayenne, in which 50 to 75 per cent of the fruits may be affected. 

2. Cultures made from tissues in the earliest stage of the disease yielded 
commonly a pale yellowish bacterium with rugose colonies. 

3. Inoculations with this organism produced typical symptoms of the 
disease, and the organism was reisolated from the inoculated tissues. 

Service Technique, 

D^ipartement de l ’Agriculture, 

Port-au-Prince, Haiti. 




PERONGSPORA PARASITICA (PERS.) DE BY ATTACKING 
CABBAGE HEADS 


T. H. Thung- 
With One Figure usr the Text 

The attack of full-grown cabbage heads by Peronospora parasitica lias 
not been mentioned in the literature. The general opinion is that the 
fungus attacks only very young plants. 

The fungus not only attacks the outer leaves of the full-grown cabbage 
heads but also penetrates into the inner leaves, the mycelium being able to 
pass from one leaf to the other. In the cabbage-growing districts of Hol- 
land the fungus can easily be found throughout the year. 



Fig, 1. Cabbage bead attacked by* the mycelium oi Peronospor a parasitica (Pers.) 
de By: the conidiophores are visible. 

The old yellow leaves nearest to the ground usually are covered with 
irregular, circular bordered, black spots, in which the mycelium lives and 
on which the conidiophores are to be found. 
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As stated in the literature, overwintering can take place hy means of 
oospores. Observations during the winter 1924-25, however, showed that 
the mycelium also can live throughout the winter in cabbage leaves, and 
that exposure to frost does not kill it. 

Conidia may germinate and the mycelium may spread in infected cab- 
bages stored during the winter. The longer the cabbage is stored, the more 
severely it is likely to be injured. The fungus even may penetrate into the 
parenchyma of the stem when cabbage has been stored for a long time. 

The author of the present note agrees with Gaumann^ that the Perono- 
spora of Capsella bursa pastoris is another strain, which does not attack 
cabbage. 

Control measures: removal of Capsella bursa pastoris, on which Perono- 
spora parasitica also lives (mentioned as a means of control by Sorauer^) , 
is not necessary. When weeding and hoeing the fields, one might at the 
same time gather and destroy those lower leaves of the cabbage plants which 
are covered with the fungus. The white cabbage varieties are more suscep- 
tible than the red ones. 

Details will be published later. 

Institute for Phytopathology, 

Laboratory for Mycology and Potato Research, 

Wageningen, Holland. 

1 Gauniann, E. tiber die Formen der Peronospora parasitica (Pers.) Fries. Beili. 
Bot. Centralblatt. 35: 395-533. 1918. 

2 Boraner, P. Handbucli der Pflanzenkranklieiten 2. Vierte Auflage, B. 213. 



EHIZOCTONIA CROWN ROT OF CARROTS^ 

E. P. White 

With One Figure in the Text 

Ellizoctonia crown rot of carrots was first observed in Kansas in June, 
1924, in tlie Kaw Eiver Bottoms immediately west of Kansas City, Kansas. 
Excessive rain bad fallen for two weeks preceding the discovery of tbe 
trouble, bringing about saturated soil conditions and higli humidity around 
the bases of the plants. 

Dr. Charles Chupp states in correspondence^ that this disease is quite 
prevalent in New York State and occasionally does considerable damage, 
being most injurious in localities where young carrots are sold with the tops 
still attached. The Corticiuni stage, he states, appears as a white weft 
about the bases of the leaves, almost wherever carrots are grown. This con- 
dition never had been observed in Kansas, however, until June, 1924. 

The carrots affected were apparently stunted, but upon close observation 
this apparent stunting was found to be due to the decay of the bases of the 
central leaves, which either failed to develop normally or were rotted off 
completely. Older leaves, that were still attached to the root but were par- 
tially decayed or only slightly infected, had red leaf margins. It is ques- 
tionable whether this red and bronze discoloration of the leaves is specifi- 
cally associated with the infection of Rhizoctonia on carrots. This symp- 
tom did not appear on artificially inoculated plants in the greenhouse. 

In badly diseased specimens a crown rot of the fleshy root was evident 
as a soft brown decay entering the crown and forming an inverted cone- 
shaped mass of decayed tissue. In such plants all of the central leaves had 
been rotted off, leaving only a few of the older leaves around the edge of 
the decayed zone. 

Isolations were made from leaf bases and decayed crowns. The only 
organism constantly associated with the lesions was a species of RMzoctoma, 
similar in gross and microscopic characters to RMzoctonia solanL No cross 
inoculations were made to potato or other hosts. Secondary organisms were 
abundant, especially in the diseased roots, but none was proved pathogenic. 

Both young and nearly mature carrot plants were inoculated in the 
crown with a small block of agar containing vigorously growing hyphal tips 

iPaper Ko. 248 of the Department of Botany and Plant Pathology, Kansas Agri- 
cultural Experiment Station. 

2 Correspondence dated October 12 and October 26, 1925. 
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of Rliizocionia. Inoculations at first were not very successful owing to the 
fact, as it was found later, that relatively high temperatures and high humid- 
ity are required for infection. Infection results with plants inoculated and 
kept in a damp chamber for two days were inconsistent, while similarly 
inoculated plants never failed to develop the typical brown decay of the 
leaf bases and rot of the crown if left in the damp chamber for seven days 
(fig. 1) . The typical weft of white mycelium developed around the bases 
of the leaves. 


Fig. 1. Crown rot of carrots. Healthy plant on right: plant on left artificially in- 
oculated with Mhizoctonia sp. 

Rliizodonia sp. is evidently a weak parasite on carrots, infecting at the 
crown only under conditions of high humidity. It seems as if this trouble 
could he avoided in wet seasons, hy wider spacing of the rows to allow 
better circulation of the air between the plants, although no experiments 
upon control measures were attempted. No loss should be expected in 
Kansas in dry seasons or in seasons of normal precipitation. 

Department of Botany and Plant Pathology, 

Kansas Agricultural Experiment Station, 

Manhattan, Kansas. 



PHYTOPATHOLOGICAL NOTES 

Physiologic forms of Collet otrichum lindemuthianum (Sac. et 3£ag.) 
Bri. et Cav. in the Netherlands.'^ 

In the European literature on the bean anthracnose, statements can be 
found which indicate that certain bean varieties are immune from the dis- 
ease in one place and not in another. 

This fact led to the conjecture that in Europe there might be physiologic 
forms of the pathogene similar to those which have been found in America. 

Because it was desired to compare the physiologic forms eventually to 
be found with those found by American investigators, the infection experi- 
ments were made with the same bean varieties used by Barrus and Burk- 
holder of Cornell University and by Leach of the University of Minnesota, 
who kindly forwarded, at our request, the seed for the experiments. 

Five physiologic forms have been found to date which are different 
from those of Barrus, Burkholder, and Leach. Two forms, which gave the 
same reaction on the seven bean varieties of Leaches key, and which there- 
fore were indistinguishable by it, differed in pathogenicity for other bean 
varieties. 

Pour forms were isolated from diseased pods oi Phaseohts vulgaris L. 
from different parts of the Netherlands, and one form from a pod of 
Phaseolus mtiltiflorus Wild. The last form is characterized by its extremely 
rapid growth on nutrient agars. 

The vulgaris forms differed in pathogenicity and in growth and appear- 
ance of the colonies on nutrient agars. All produced the ascogenous stage 
in the laboratory ; the multiflorus form has not yet been investigated in 
this respect. 

The experiments will be continued, and will be described in extenso in 
a later publication. — H. E. A. Muller, Institute for Phytopathology, Labo- 
ratory for Mycology and Potato Eesearch, Wageningen, Holland. 

Banana Wilt Disease on the Island of Singapore. — Dr. Otto A. Reinking, 
of the United Fruit Company, writes from Singapore as follows: 

^^ The wilt of bananas has been found on the island of Singapore in the 
outskirtshf the city of Singapore. How widespread the disease is has not 
been determined. External and internal symptoms show the disease to be 
typical of the Caribbean banana wilt due to Ftisarium cubense. Mierosco- 

1 Eeceived for publication September 28, 1925. 
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pic examination shows the presence of typical mycelial strands in the xylem 
tissne. The disease in all probability is due to the same Fusarium as is 
present in Central America, bnt this can not be stated definitely until cul- 
tures are obtained. Cultures of the organism will be made at the earliest 
opportunity. The disease so far has been definitely observed in the Philip- 
pines and Singapore. The disease was observed as such for the first time in 
Singapore on October 13, 1925.’’ — John R. Johnston, United Fruit Co., 
Boston, Mass. 
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PUSARIA INOCULATION EXPERIMENTS. RELATIONSHIP OF 
VARIOUS SPECIES OP PUSARIA TO WILT AND 
COLORADO DISEASE OF BANANA 

O. A. Reinkiistgi 

INTRODUCTION 

During an investigation conducted on Pusaria in relation to banana 
plantations in Honduras, isolations were made from living and dead parts 
of diseased and non-diseased bananas ; from living and dead parts of other 
plants growing in banana plantations and in the virgin forest to be planted 
to bananas j and from the virgin soil and soil in diseased and non-diseased 
banana plantations. Special isolations were made from banana plants af- 
fected with wilt and the Colorado disease to determine whether more than 
one type of Fusarium or any other organism was associated with these dis- 
eases. Other studies on banana wilt have shown that Fusarium cubense is 
definitely associated with the banana wilt plants and that generally no 
other Fusarium is found in typical cases of the disease.^ 

Only in two cases were other Pusaria found. One of these, an old in- 
fection, appeared to be a combination of banana wilt and Colorado disease. 
It was not a typical case of wilt. Fusarium moniliforme var. suhglutinans 
Wr. and Rkg, was found in the vascular bundles of this plant. Another 
plant affected with banana wilt yielded Fusarium lutulatuyn Sherb from 
its vascular bundles. In both of these eases the isolations were made from 
material that had been collected one and three days respectively before the 
isolations were made. This interval might well have given these doubtful 
fungi a chance to enter the diseased tissue from the cut surfaces. In any 
event, because of the extensive number of isolations made under controlled 
conditions from wilt diseased plants, it might well be stated from this stand- 
point that Fusarium cubense only is associated with typical cases of banana 
wilt. Examinations made of plants infected with the Colorado disease 

1 Pathologist, United Fruit Co. 

2 Braudes, E. W. Banana wilt. Phytopath. 9: 339-389. 1919. 
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indicated that this trouble was due primarily to an abnormal cultural con- 
dition and not to fungi. Because, however, one fungus Fusarium monili- 
forme var. subghitinanSf was commonly associated with the diseased plants 
and their environs, it was deemed advisable to use this organism for inocu- 
lation purposes to determine whether it was pathogenic and could pro- 
duce the symptoms of Colorado disease. 



Fig. 1. InoeulatioE experimental plot I. Concrete tanks built in tlie ground. Four 

and one-lialf feet square. 


Soil isolations and those from banana, and other than banana plants, 
were made primarily to determine the distribution of F. cubense in dis- 
eased plantations and in virgin forests and soil. Isolations made from 
the soil in diseased and non-diseased plantations and virgin soil showed 
that there are a few closely related organisms that could be confused with 
F. cubense. These are Fusarium oxysporum, F, oxysporum var. nicotianae, 
F, orthoceraSf and F, orthoceras var. triseptatum. Because of these closely 
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related forms, all of which have been found to be parasitic on plants in 
various parts of the world, it was found necessary to make inoculations to 
determine their pathogenicity and their relationship with F. cubense and 
with banana wilt. 

A very careful morphological and physiological study of these and all 
other species collected was made in order to establish definitely their rela- 
tionship. These studies culminated in the Fusarium conference held at 
Madison, Wisconsin.^ Here a special study was conducted with Dr. H. W. 
Wollenweber on the entire collection of tropical Fusaria. Out of the col- 
lection of some 250 strains, 48 different species and varieties of Fusaria 
were described. These included species in practically all of the sections 
of the genus. Fourteen forms were described as new.^ It might be stated 
here that these morphological studies of the organisms concerned corrobo- 
rated very closely the results of inoculations made in the tropics. The 
morphological studies showed that a close relationship exists between F. 
cubense and species of the Oxysporum group. F. oxysporum var. nico- 
tianae was found to be very closely related, although a slight difference 
was always present. These findings then leave one question open, and that 
is, whether a saprophytic form of Fusarium do^elj related to F. cubense 
can eventually, by a gradual process, develop the parasitic qualities neces- 
sary to produce disease in bananas. It is believed, however, that the fol- 
lowing inoculation experiments, especially when correlated with isola- 
tion and morphological studies, show that there is a definite parasitic 
strain, jP. cubense, that only can produce the typical banana wilt disease. 

METHODS 

The inoculation experiments, as planned, might well be divided into two 
parts : one, the preliminary experiments, carried out to determine whether 
the proposed method of procedure was correct; two, the main experiment. 

PRELIMINARY EXPERIMENT 

In the preliminary experiment, two wooden boxes and one concrete 
tank, all placed above the ground (Figs. 2 and 3), were used for the trials. 
Since the procedure was the same as that carried out in the main experi- 
ment, no detailed explanation will be given. It will suffice to say that cul- 
tures of F, cubense isolated from diseased plants (table 2) were used for 
inoculation. The results of this experiment are given in table 1. 

The results shown in table 1 proved that the banana wilt disease could 
be produced in plants growing under the particular conditions devised for 

3 June, July, and part of August, 1924. 

4 Wollenweber, H. W., and 0. A. Beinking. Aliquot Fusaria tropicalia nova vel 
revisa. Phytopatli. 15: 155'-169. 1925. 
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TABLE 1. — Preliminary inoculation experiments with F . cubense 


No. 

Culture used 

Planted and 
inoculated 
1922 

Type of 
soil 

Cut down 
1923 

Wilt disease 

Box 1 

Ell. F. cubense 

Dee. 20 

Pine silt 

July 13 

X^ 

Box 2 

E 3. F. cubense 

do 

do 

do 


Tank 1 

E 2. F. cubense 

Dee. 30 

do 

do 

X 


a X disease present; — disease absent. 


the experiment (Fig. 6). The methods of soil sterilization, planting, and 
inoculation were found to be successful. These are discussed under the 
main experiment. 

MAIN EXPERIMENT 

Plan of experiment. The main experiment was divided into three parts, 
with the idea of providing a careful check upon the different methods used, 
and to produce conditions that were favorable to infection. The same 
organisms, therefore, were tested under two, and, in four cases, under three 
different conditions. The first experimental plot (Pig. 1) consisted of 24 
concrete tanks built into the ground. Pour of these tanks were 4V^ feet 
wide, 9 feet long, and 4 feet deep. The other tanks were 41/2 feet square 
and 4 feet deep. A fine wire mesh fence encircled the entire plot so as to 
exclude rodents and other animals. 

The second experimental plot (Pig. 2) consisted of 16 wooden boxes, 
21/2 feet square and deep, with wooden bottoms. These boxes were raised 
above the ground by means of pieces of timber. 

The third experimental plot (Pig. 3) consisted of four concrete tanks, 
4 feet square and deep, inside measurement, placed on the ground. Cement 
bases were provided for these boxes. 

These three experimental plots gave a variety of methods, with different 
degrees of control from outside sources of infection, and also different 
growth conditions, varying from a natural condition to one not so well 
adapted to the growth of bananas. The boxes and concrete tanks placed on 
the ground gave a condition that was less apt to be influenced by ouside in- 
fection, but at the same time did not present a natural condition for growth. 
The concrete tanks placed above the ground, however, were large enough to 
grow perfectly healthy, normal plants. 

Soil. Because it was known that the soil has a relation to disease pro- 
duction, two types of soil were used for the experiments: one a fine silt, 
approximately neutral soil, and the other a light, sandy, acid soil. The 
disease apparently does not spread so rapidly in the former soil as in the 
latter. The latter soil gave a condition under which the organisms used 
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for inocnlation would have the best possible opportunity to prove their 
pathogenicity. The disposal of these soils in the various experiments is 
given in tables 2, 3, and 4. , , 


Fig. 2. One row of inoculation experimental plot II, using boxes of sterilized soil, 
above tlie gTound, for planting. Banana wilt disease produced in Box iN'o, 1 by inocu- 
lation with pure culture B 1, F. ciibense isolated from vascular bundles in rhizome of 
wilt diseased banana plant. Note characteristic splitting of pseudostem and bending 
over of diseased leaves. 
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Sterilization of soil. The soil was sterilized by means of a special appa- 
ratus consisting of %-meh steam piping perforated with holes and so ar- 
ranged that jets of steam from these perforations would reach all particles 
of soil. The apparatus was designed in the form of a large fork, with 
prongs of perforated tubing so designed that each tube was not over 6 
inches from any portion of the soil in the entire tank. The forked appa- 
ratus was driven into the soil in the tanks and connected with a steam 
hose leading to a boiler. The top of the soil in the tanks was covered with a 
double layer of moistened, heavy burlap bags. For experimental Plot I, 
a steam boiler was used to provide the steam for sterilization. The soil 
in each tank was sterilized for two to three hours with live steam, derived 


Pig. 3. Inoculation experimental plot III. Concrete tanks, with cement bases, above 
the ground. Pour feet square inside. 

at 110-120 pounds pressure in the boiler. The temperature maintained in 
the soil for this time was from 100° to 102° C. The soil in the wooden boxes 
of Plot II and the concrete tanks of Plot III were sterilized for two hours 
by live steam from a locomotive maintaining a pressure of 150 pounds; 
otherwise the operation was the same as in Plot I. The temperature of the 
soil in all parts of the boxes and tanlts was 100-102° 0. during the time 
of steaming. As soon as each tank or box of soil was sterilized, the steriliz- 
ing apparatus was removed, under sterile conditions, and a piece of heavy, 
steiilized, taiued paper, painted on both sides with a full strength solution 
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of carbolineum, was tightly fitted over the top of the soil. The soil in this 
way remained hot for two or three days after the time of sterilization. 
Tangle-foot was smeared over the top of each tank so as to prevent crawling 
insects from entering (Pig. 1). Bach tank was planted with a banana 
plant, and the soil was inoculated as soon as it cooled off. Bacteriological 
and fungous tests made of the soil at the time of planting proved that the 
soil in every case was sterile except in Tank 4, Plot I, as shown in table 2. 

It was found a little more difBcult to sterilize the soil in the large 
414 X 9 feet tanks, as only one half could be sterilized at one time with the 
apparatus at hand. Enough controls were maintained to prove the effici- 
ency of the sterilization work. 

or rhizomes used for planting , The bits” or portions of 
rhizomes used for planting were obtained from a district where the banana 
wilt disease was not found. These ‘‘bits” were carefully washed free from 
all dirt, trimmed up as tntteh as possible with a sterilized machete so as to 
have clean-cut surfaces, and then sterilized for five minutes in a 2 to 1000 
strength solution of niercuric chloride. They then were washed in sterile 
water and trimmed up again with a sterilized machete so as to remove as 
much as possible of the outer parts that may still have contained some of 
the poison. The “bits” were then immediately planted and the soil inocu- 
lated. Three “bits” were planted in the large concrete tanks in Plot I, 
and one “bit” in each of the other tanks and boxes. 

Method of planting and inoculation. In planting, a square hole large 
enough to allow for the passage of the “bit” was cut into the center of the 
tar paper covering the soil in each tank. Under aseptic conditions a hole 
was dug in the soil, large enough for proper planting, and the “bit” in- 
serted according to the general farm practice. Before covering with earth, 
the fungous culture used in each case was applied about the “bit” and in 
the soil. Cultures of the various fungi used for inoculation were made in 
pint fruit jars, using about one-half pint of a mixture of corn meal and 
soil upon which to grow the fungus. Other cultures were grown upon steril- 
ized green bean pods in Erlenmeyer flasks., .and in certain cases these 
were also applied. The cultures were from' 8 to 15 days old at the time 
of application. They were applied by being poured over the “bits”: and 
mixed with the soil about them. A|ter the “bits” were entirely covered 
with soil, the flap of tarred paper was again dropped back over the soil, 
thereby completely covering the tank and preventing air-borne spores from 
entering the soil. This method gave the fungus used for inoculation an 
opportunity to spread and develop in a pure state throughout the soil 
about the “bit.” As soon as suckers forced their way through the soil, 
the flaps of paper were thrown back to allow the plant to grow. All pos- 
sible precautions were taken against contamination from outside sources. 
The plants thenceforward were allowed to care for themselves. 
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Fig. 4. Banana wilt disease produced by inoeulation with pure culture B 17, F. 
cuhense isolated from vascular bundles in rhizome of wilt diseased banana plant. Note 
characteristic wilting and drying up of leaves on young sucker in front. Tank No. 8. 
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CULTURES USED FOR INOCULATION 

The cultures used for inoculation, as given below, were strains of the 
banana wilt organism {F, cuhense) ; closely related organisms, isolated 
from the soil and plant parts, more or less difficult to distinguish from the 
wilt producing organism {F. oxysjjorum var. nicoiianae, F. orthoceras, and 
F, orfkoceras var. irisepiatim) ; two organisms commonly associated with 
banana plants and frequently found about Colorado diseased plants (F. 
mmiUforme var. siihglutincmsy and F. moniUforme var. erumpens) ; and 
two organisms, one commonly found on decaying banana trash (F, antho- 
philum) and the other in the soil {Ilypomyces ipomoeae). 

LIST OF CULTURES USED FOR INOCULATION 
R 1. Pmarmm cuhense. 

Isolated from, vascular bundles in rhizome of wilt diseased Gros Michel banana 
(Musa sapienUim). Tela, Honduras. Isolated Nov. 16, 1922. 

R 3. F. cuhense. 

Isolated from vascular bundles in pseudostem of wilt diseased Gros Michel banana 
(Musa sapientim). Tela, Honduras. Isolated Nov. 16, 1922. 

R 15. F. cuhense. 

Isolated from exterior of cut surface of pseudostem of wilt diseased Gros Michel 
banana (Musa sapientim). Truxillo, Honduras. Isolated Feb. 21, 1923. 

R 17, F. cuhense. 

Isolated from vascular bundles in rhizome of wilt diseased Gros Michel banana 
(Musa sapientum). Tela, Honduras. Isolated April 15, 1923. 

R 52. F. cuhense. 

Isolated from dead floral parts at tip of non-diseased banana fruit (Musa sapien- 
tum). Tela, Honduras. Isolated Jan. 12, 1923. 

R 119. F. oxysporum var. mootianae. 

Isolation. Soil 1. Top soil under diseased bananas. Tela, Honduras. Isolated 
Nov. 17, 1922. 

R 139. F. oxysporim var. nicotianae. 

Isolation. Soil 35. Top soil under healthy bananas. Tela, Honduras. Isolated 

Jan. 15, 1923. 

R 142. F. oxysporum "vsiT. nicotianae. 

Isolation. Soil 38. Top soil under healthy bananas. Tela, Honduras. Isolated 

Jan. 15, 1923. 

R 132. F. orthocer as. 

Isolation. Boil 31. Top soil under healthy bananas. Tela, Honduras. Isolated 

Jan. 12. 1923. 

R 45. F. orihoceras triseptatum. 

Isolated from decaying old bunch of bananas (Musa sapientum) on ground. Tela, 
Honduras. Isolated Jan. 16, 1923. 

R 182. F. orthoceras var. triseptatum. 

Isolation. Soil 103. Top soil under diseased banana. Truxillo, Honduras. Feb. 
23, 1923. 
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R 32. F. mojiiliforme var. m'bgluti'nans. 

Isolated from decaying leaves of Gros Michel banana {Musa sapient um). Tela, 
Honduras. Isolated Nov. 17, 1922. 

R 40. F. moniliforme var. siibghiii/mns. 

Isolated from vascular bundles in pseudostem of combination Colorado and wilt dis- 
eased banana plant {Musa sapient^ifn) , Isolation made Reb. 9, 1923, one day after 
cutting plant. Tela, Honduras. 

R 58. F. moniliforme var. suhglutinans. 

Isolated from vascular bundles of pseudostem of Colorado diseased banana plant 
(Musa sapientum). Isolation made Feb. 9, 1923, one day after cutting plant. Tela, 
Honduras. 

R 60. F. moniliforme var. suhglutinans. 

Isolated from vascular bundles of pseudostem of Colorado diseased banana plant 
(Musa sapientum). Isolation made Feb. 9, 1923, one day after cutting plant. Tela, 
Honduras. 

E 62. F, moniUforme var. erumpens. 

Isolated from vascular bundles of pseudostem of Colorado diseased banana plant 
(Musa sapientum). Isolation made Mar. 10, 1923, one day after collection. Tela, 
Honduras. 

R 37. F. anthopMlum. 

Isolated from decaying banana trash (Musa sapientum). Tela, Honduras. Isolated 
Nov. 9, 1922. 

R 184. Eypomyces ipomoeae. 

Isolation. Soil 107. Top soil under healthy bananas. Truxillo, Honduras. Iso- 
lated Feb. 23, 1923. 


PRELIMINARY INOCULATION EXPERIMENTS 

R 2. F. cu'bense. 

Isolated from vascular bundles in the rhizome of wilt diseased Gros Michel banana 
(Musa sapientum). Tela, Honduras. Isolated Nov. 16, 1922. 

R 3. F. cu'bense. 

Isolated from vascular bundles in pseudostem of wilt diseased Gros Michel banana 
(Musa sapientum). Tela, Honduras. Isolated Nov. 16, 1922. 

R 11. F. cub erne. 

Isolated from vascular bundles in pseudostem of wilt diseased Gros Michel banana 
(Musa sapientum). Tela, Honduras, Isolated Nov. 16, 1922. 

F. cuhense isolated from wilt diseased plants was used primarily as a 
check on the other species. Brandes® has clearly shown that this organism 
is the cause of banana wilt. A very slight morphological and physiological 
difference was shown in some of these wilt-producing strains when not 
growing under normal conditions. Culture R 1 showed a tendency to run 
to mycelium and rarely produced spore bodies (sporodoehia or pionnotes). 
F. oxysporum var. ■aicoWamae isolated from the soil is very closely related 
to F. cu'bense, but does not produce the characteristic benzolie odor on rice 


5 Brandcs, E. W. Ihid. 
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and has slightly larger spores and always a more abundant selerotial forma- 
tion. It is prevalent in the soil of diseased and non-diseased plantations. 
This resemblance made it necessary to test the pathogenieity of the fungus 
and in this way more clearly distinguish it, if possible, from F. cuhense. 
F. ortJioceras and F. orthoceras var. trisept atum are also commonly found 
in the soil and on decaying banana trash, and in some cases might be con- 
fused with a degenerate strain of F, cuhense. Their relationship to F. cu- 
hense, therefore, also had to be tested out by the inoculation method. 


Fig. 5. Banana wilt disease produced by inoculation witli pure culture R 52, F. 
cuhense, isolated from dead floral parts at tip of non-diseased banana fruit. Note 
splitting of pseudostem and characteristic bending over of diseased leaves. Box No. 9. 
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Anotlier organism, P. luiulatum, is also closely related to F. cichense. 
This organism was not isolated until after the inoculation experiments were 
well under wajL If future inoculation studies are undertaken, this species 
should be carefully tested. F. mo'riiliforme var. suhghitinans and F. monili- 
forme var. erumpens are distinctly different from F. cuhense and could 
never be confused with the latter. They are commonly associated with 
banana culture and have been isolated from the vascular tissues of old 
Colorado diseased plants. Because of this relationship, these organisms 
were selected for inoculation purposes. The last two organisms used show 
no close relationship with F. cuhense. F. anthophiluni is commonly found 
on decaying banana trash, and the Pusarial stage of Ilypomyces ipomocae 
is quite common in the soil of infested and non-infested plantations. These 
species were used to determine their pathogenicity, and also to act as a 
check on the entire group. 

INOCULATION EXPERIMENT. PLOT I. 

Table 2 gives the details of the inoculation experiment (plot I) carried 
out in concrete tanks built into the ground (Pig. 1). The method of sterili- 
zation, planting, and inoculation followed were the same as discussed under 
methods. 

All plantings and inoculations were made the latter part of June and 
the first part of July, 1923, as indicated in table 2. Pinal results in most 
cases were not obtained until April 26, 1924, some 10 months from the time 
of inoculation. At this time, fruits, just below the English grade for ma- 
turity, were produced in tanks 2, 11, 12, 13, 15, 16, 17, and 22. The flower 
had ^^shot’’ in tanks 5, 18, and 21. All other plants either produced no 
flower or fruit or were diseased. The production of fruit and the healthy 
appearance of the plants showed that they were growing under good con- 
ditions for fruit production. 

All of the cultures were of Fusarium cuhense, and all except one (table 
1) were obtained from banana wilt disease plants. One culture, R 52, was 
isolated from the dead floral parts at the tip of a banana finger of a bunch 
piled in a ear at a fruit spur. Whether the organism was present in the 
car or developed in the field of course could not be definitely determined. 
It, however, might be safe to assume, because of this evidence, that F. cu- 
hense may be present to a certain extent along the railroad right-of-way 
through a non-diseased district. Prom these inoculations, positive cases of 
infection were obtained in tanks 1, 3, 6, 8, and 23. No disease was pro- 
duced in tank 7 inoculated with culture R 3, F. cuhense. This same cul- 
ture produced disease in tank 1. The reason for using culture number R 3 
in duplicate was due to the fact that, while it was a typical culture of 
F. cuhense from a physiological and morphological standpoint, it did not 
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TABLE 2.—Ilesults of inoculating with Fusarimn tanana plants growing m concrete 
tanJcs sunk into the ground^ 


Tank 

No. 

Culture used 

Planted and 
inoculated 

Type of 
soil 

Cut down 

Wilt disease 



1923 


1924 


1 

B3. F, cuhense 

June 16a 

Light Sandy 

Mar. 29 


2 

B119. F, oxysporum var. 






nicotianae 

doa 

do 

do 

— . 

3 

B15. F. mhense 

doa 

do 

Oct. 8 (1923) 

X 





and Mar. 13 


4 

B58. F. monili forme var. 






sxbb glutinans - 

doa 

do 

Mar. 13 

Xb 

5 

Control, sterilized soil 

doc 

do 

Apr. 26 

— 

6 

B 1. E. cuhense 

doa 

do 

Mar. 13 

X 

rj 

B 3. F. cuhense 

doa 

Pine Silt 

Apr. 26 

— 

8 

B 17. F, cuhense 

doa 

do 

Mar. 13 

: X 

9 

B37. F, anthophihm ......... 

June 19a 

do 

Apr. 26 

— 

10 

Control, sterilized soil 

doc 

do 

do 

— 

11 

B132, F. orthoceras 

July 5 

Light Sandy 

do 

— ' ■ 

12 

B 184. Hypomyoes ipo- 






moeae 

do 

do 

do 

— 

13 

B 62. F. momliforme var. 





! 

erimpens ’ 

do 

do 

Apr. 12 

— 

14 

Control, unsterilized soil 

do<i 

do 

Mar. 13 

X 

15 

B 139. F. oxysporum var. 






nicotianae 

do 

do 

Apr. 26 

■ — 

16 

B 60. F. momliforme 






suh glutinans ; 

do 

do 

do 


17 

Control, sterilized ^oil...... 

doc 

do 

do 

— — 

18 

B182. F. orthoceras var. 






triseptatum 

do 

do 

do 

— 

19 

B40. F.monili forme var. 






suh glutinans 

do 

do 

do 


20 

B 142. F. oxysporum var. 






nicotianah 

do 

do 

do 


21 

R45. F. orthoceras var 






triseptatum 

doa 

do 

do 


22 

B 32. F. moniliforme var. 






sxih glutinans 

do 

do 

Apr. 12 

■ “X 

23 

B52. F. cuhense 

do 

do 

Mar. 13 

X 

24 

Control, sterilized soil 

doa 

do 

do 



a Replanted and reinoculated Aug. 10, 1923. ^ , 

b Soil not tliorouglily sterilized as shown by test at time of inoculation. 

c Not inoculated; planted in sterilized soil. 

dNot inoculated; planted in unsterilized, light sandy infected soil, 

e X — disease present ; — -= disease absent. 

f Tanks 1 to 4 inclusive, 6 and 7, 11 to 13 inclusive, 15 and 16, and 18 to 23 inclu- 
sive were inoculated with cultures growing on a mixture of cornmeal^ and soil and on 
green bean pods. Tanks 8 and 9 were inoculated with cultures growing on a mixture 
of eornmeal and soil. Controls, in which only sterilized bits were planted in sterilized 
soil and no fungous culture used. Were scattered throughout the plot as represented in 
tanks 5, 10, 17, and 24. The tanks provided suitable cheeks upon the remaining inocu- 
lated ones. They were also checks to show whether or not the sterilization of the soil 
had been complete and whether there was any possible opportunity of infection from 
air-borne spores, insect-carried organisms or any other outside source. Tank 14 con- 
tained infested light sandy soil that had not been sterilized. This tank acted as a check 
on the sterilization of the infected soil and was used also to prove whether or not the 
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Fig. 6. Banana wilt disease produced by inoculation with pure culture R 2, F. 
cubense, isolated from the vascular bundles in the rhizome of a diseased banana plant. 
Note characteristic splitting of pseudostem. Preliminary inoculation experiment. Tank 
No. 1. 
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produce disease in the preliminary experiment as shown in table 1. Dis- 
ease was also produced in tank 14, the control in which sterilized, in- 
fected, light sandy soil was used. This fact shows that the wilt organism 
occurs in the soil, and may be disseminated in soil. . Disease was produced 
in one other case, in tank 4, inoculated with culture number E 58, F. monili- 
forme var. suhgkitinans. The disease was a typical case of banana wilt. 
Tests of the soil in this tank made at the time of inoculation showed the 
presence of Fusaria, indicating that the soil had not been thoroughly steri- 
lized. The organism reisolated from the diseased plant was a pure culture 
of F. cuhense and had no relation to F, moniliforme var. suhglutinans used 
for inoculation. No significance, other than incomplete sterilization of soil, 
can be attached to this case of disease production. 

The time of appearance of the disease after inoculation varied in the 
different tanks from two to seven and one-half months or longer. For ex- 
ample tank 1 was replanted and reinoculated on August 10, 1923. Disease 
was not recorded until March 29, 1924, just 7 months and 19 days after 
inoculation. Tank 3 was replanted and reinoculated on the same date. 
Disease appeared in one sucker on October 8, 1923, or two months after 
the time of inoculation. The disease did not appear in its virulent form 
until January 8, 1924, five months after inoculation. 

The plants in all of the controls of sterilized and uninoculated soil, as 
represented by tanks 5, 10, 17, and 24, remained perfectly healthy. Tank 
17 developed a bunch of fruit just below the English grade of maturity at 
the time of the close of the experiment on April 26, 1924. 

No noticeable disease was produced by the inoculation of ‘‘bits’^ and 
soil with any of the other fungi used, including F. oxysporum var. nico- 
tianae, F. orfhoceras, F. orthgcera^ var. triseptatum, F. moniliforme var. 
siibgluUnans, F, moniliforme var. eriimpens, F, anfhopMlum, and Ilypo- 
myces ipomoeae. In so far as these experiments are concerned, it was defi- 
nitely proved that none of these cultures could produce disease either of the 
typical banana wilt type, or of the Colorado type. All the plants in these 
tanks were perfectly healthy and showed no evidence of root injury. It 
would not be safe to conclude that the first five of these fungi have no 
relation whatever to banana cultures. The possibility of a root infection 
being caused by some of this group has not been fully settled. The above 
experiments, however, are conclusive in regard to the direct role of these 
organisms in respect to the banana wilt and Colorado diseases. 

In each case of disease production the original organism used for in- 
oculation {F. cuhense) was recovered in reisolations. The banana wilt or- 
ganism was also definitely shown to be present with sporodochial pro- 
duction at the bend, on the exterior surface of diseased, bent-over leaves. 
Typical pure cultures of F. cuhense were isolated from leaves of diseased 
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plants in tanks 3, 8, and 23. Positive isolations were also made from the 
leaves of the diseased plant in Box 9, Plot 11. These results corroborate 
those obtained earlier by Brandes,® and show that the pathogene can be 
disseminated throughout the plantation by wind. 



Fig. 7. Cross section of pseudostem of banana wilt diseased Gros Michel banana. Note 
discolored fibrovascular bundles more prevalent towards the exterior. 

INOCULATION EXPERIMENT. PLOT II. 

In order to have a check on the experiment carried out in Plot I, experi- 
mental Plot II was prepared with wooden boxes placed on the ground (Pig. 
2). The purpose of the experiment was to provide a more careful control 
against possible outside sources of infection by raising the boxes off the 
ground, and also to make it possible to check up further the results obtained 


6 Brandes, E. W. Ibid. 
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by the cultures in Plot I. The details of the experiment are given in table 
4. The arrangement, in so far as control and inoculation boxes are con- 
cerned, is similar to that discussed under Plot I. 


TABLE 3 . — Mesults of iTioculciting with Fusa/riwm haTbawa plants gfowing in wooden 

boxes above ground 


Box 

No. 

Culture used 

Planted and 
inoculated 

Type of 
soil 

! 

Cut down 

Wilt disease 

1 


1923 


1924 


1 i 

El. F, cubense 

July 24 

Fine Silt 

Mar. 13 

X 

2 ! 

E142. F, oxyspoTum 






wicotianae 

do 

do 

Apr. 26 

— 

3 i 

E 45. F. ortho cer as var. 






triseptatum 

July 18 

do 

do 

— 

4 1 

E 139. F. oxysporum var. 






nicotianae 

do 

do 

do 


5 1 

Control 

doa 

Light Sandy 

do 

I ■ ' — ■ 



Aug. 10 

1 

1 



6 1 

E 60. F. momliforme var. 






subghdinans 

July 18 

do 

do 

— 

7 1 

E 182. F, orthoceras var. 






triseptatum 

July 13 

do 

do ^ 

— 

8 

; E40. F. moniliforme var. 






! subglutinans 

do 

do 

do 


9 

1 E52. F. cubense 

July 12 

do 

Mar. 13 

X 

10 

E45. F. orthoceras var. 




— ■ 


triseptatum 

do 

do 

Apr. 26 


11 

E 15. F. cubense 

do 

do 

do 

— 

12 

Control 

doa 

do 

do 

— 

13 

E3. F> cubense 

July 6 

do 

do 

— 

14 

E 119. F, oxysporum var. 




• — 


nicotianae 

do 

do 

do 


15 

E 132. F. orthoceras ......... 

do 

do ^ 

do 

— 

16 

j E 139. F. oxysporum var. 






1 nicotianae 

i 

do 

do 

do 



a Not inoculated; planted in sterilized soil. 


As shown in table 3, the same cultures and soil used in Plot I were used 
in Plot II. The plantings and inoculations were made later, between July 
6 and 18, 1923. The experiment was concluded April 26, 1924, or some 9 
to 10 months later. Four different cultures of F. cuhense were used, and, 
in two eases, in Boxes 1 and 9, typical wilt was produced. The interesting 
fact to note here is that the disease in these cases appeared approximately 
in the same time as it did when corresponding cultures were used for inocu- 
lation in Plot I, thereby cheeking up nicely on the pathogenicity of the cul- 
tures in question. Culture R 3 and R 15 failed to produce disease, al- 
though both were typical wilt-producing organisms and both had produced 
disease in Plot I Box number 1 was inoculated with culture R 1 on July 




Fig. 8. Longitudinal section of banana wilt diseased Gros Michel banana. Note dis- 
colored flbrovascular bundles in rhizome and running into pseudostem. 


24, 1923. On November 12, 1923, just 3 months and 19 days later, a 
decided splitting of the stem was observed. This splitting, and other symp- 
toms of the disease, gradually became more pronounced (Plate 2). Box 9 
was inoculated with culture R 52 on July 12, 1923. The first signs of the 
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typical disease were noted on December 5, 1923, not quite 6 months from 
the time of inoculation (Fig. 5). In no case was disease of any descrip- 
tion produced in the other boxes inoculated with cultures coresponding to 
those used in Plot I, thereby verifying the results in the latter plot. The 
controls in every ease remained perfectly healthy. Reisolations of the 
typical wilt organism similar to that used for inoculation were made from 
the two cases in which disease was produced. 

INOCULATION EXPERIMENT. PLOT III 

Experimental Plot III (Fig. 3) was a still further cheek on four cul- 
tures used in the main experiment, Plot I. The concrete tanks used in this 
experiment, being placed on the ground, were less subject to outside sources 
of infection. In the four tanks, representatives of the same cultures used 
in Plots I and II were used for inoculation, as shown in table 4. Inocula- 
tions were made on July 26, 1923, and the experiment was terminated on 
April 26, 1924. 


TABLE 4. — Mesiilts of inoculating with Fmarmm hanana plants growing in concrete 

tanks above grcmnd 


Tank 

No. 

Culture used 

Planted and 
inoculated 

Type of 
soil 

Cut down 

Wilt disease 

1 

R119. F. oxysporum var. i 
nicotianae ’ 

1923 

July 26 

1 

Fine Silt 

1924 . 

Apr. 26 


2 ' 

R 132. F. orthooeras 

do 

Light Sandy 

do 

: 

3 

R 139. F. oxysporum var. 
nicotianae 

do 

do 

do 

' 

4 

R3. F, cubense 

doa 

do 

do 



a Reinoculated Nov. 1, 1923. 


As indicated in table 4, only one culture of F, ctihense (R. 3) was used 
for inoculation. No positive results were obtained with this culture. The 
failure of R 3 to produce disease in a number of the inoculations in Plots 
I, II, and III indicates that it is not extremely pathogenic under all con- 
ditions, although disease was produced by it in one instance (Plot I). The 
other cultures, R 119, F. oxysporum var. nicotianae; R 139, F. oxysporum 
var nicotianae; and R 132, F. orthocera^, again failed to produce disease 
of any kind, thereby verifying the results obtained in Plots I and 11. Tank 
3 at the close of the experiment had a bunch of fruit somewhat below the 
English grade in maturity. All of the plants in the experiment were per- 
fectly healthy and normal. 
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DISCUSSION OF RESULTS 

The results obtained in these experiments show conclusively that, of 
the organisms tested, only one distinct species, F, cuheMse, can produce the 
banana wilt disease. Isolation studies have shown that this one species 
only was found in all typical cases of banana wilt. Rarely have other 
Pusaria been found in the vascular bundles of diseased plants; and in these 
exceptional cases they have been isolated from plants with a complication 
of diseases, or after the portion of the plant from which the isolation was 
made had stood for a few days. It appears safe to say that F. cubense only 
can produce the typical banana wilt disease (Pigs. 7 and 8), and that this 
organism only is found in young, typical cases of infection. 

The role of other closely related species of Pusaria, especially F. oxy- 
sporimi var. nicotianae, F. orthoceras, and F, orthoceras var. triseptatum, 
in relation to banana wilt appears to be negligible, as none of these were 
able to produce the disease. All three of the above organisms easily may 
be confused with F, cubense^ especially when the latter is not in its normal 
state of development. This may also be true in regard to F, oxyspomm and 
F, luiulaium, two species not tested from a pathogenic standpoint. When, 
however, P. cubense is in its typical and normal growth condition, the dif- 
ferences between it and the closely related forms are apparent. A detailed 
account of these differences will be given in a report on Pusaria in rela- 
tion to banana plantations. In certain cases it still may be necessary to 
carry out inoculation experiments to distinguish definitely between a pos- 
sible non-parasitic form of F. cubense and the parasitic species. Still fur- 
ther studies with these species might well be undertaken in the future to 
determine whether any root troubles can be produced by them. 

While no culture of P, cubense isolated from the soil was used for 
inoculation purposes, it can safely be stated that this organism is present in 
the soil. This was clearly shown in the isolation, morphological, physio- 
logical, and inoculation studies. In the inoculation experiments, typical 
banana wilt disease was produced by planting a sterilized ^^bif in a tank 
of unsterilized soil infested with P. cubense. P. cubense was reisolated 
from the diseased plant which showed the typical banana wilt symptoms. 
All precautions observed in the other tests were carried out in this tank 
experiment except that the soil was not sterilized. This test in itself 
shows conclusively that the causal organism is present in the soil and that 
it can be carried about by transporting infested soil. 

The fact that the inoculation, morphological, and physiological studies 
have shown that a difference exists between P. cubense and the closely re- 
lated forms found in and about banana plantations lias a direct bearing 
on the question of the presence of P. cubense in virgin soil or upon dead 
and living vegetation found on, or growing in, virgin soil. These studies. 
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correlated with those made on the cultures isolated from several sources in 
and about banana plantations, including virgin soil and plants found 
thereon, makes it safe to say that the parasitic form of F. mihense is not 
present in virgin soil or upon dead or living plant material on lands that 
are virgin in so far as the banana plant is concerned. The organism appar- 
ently is closely confined to the banana plant and the soil in infected banana 
plantations. Once it becomes established in the soil, it retains its virulence 
for many years. There of course remains a possibility that a wild sapro- 
phytic form of F, cuheme may be present in virgin soils and may gradu- 
ally adapt itself to the banana plant and eventually assume a distinct para- 
sitic nature. It is generally believed that this process of change requires 
many years. From a practical standpoint, however, it is safe to conclude 
that the distinctly parasitic form of F. mihense is definitely associated with 
the banana plant and infested banana plantations, and that the control 
measures will have to be based upon this conclusion. 

The role of F. moniliforme YSir. suhglutinans and F. moniliforme var. 
enimpens, the first of which is commonly found associated with living and 
decaying banana plants, has been in part rather definitely decided. F. 
moniliforme var. suhglutinans, especially has been found to be associated 
with Colorado diseased plants. In order to test its pathogenicity by invad- 
ing the plant through the underground parts, the comparatively large 
number of inoculations with this species were made. According to the 
results of these experiments, the organism, when inoculated into the soil 
and placed around the bits’’ planted in the soil, has no defiifite parasitic 
nature. No disease was produced under the condition of the experiment. 
The test shows rather conclusively that the organisms in question have 
no direct relation to the Colorado disease, which may therefore be regarded 
as a disease produced by abnormal and poor cultural conditions. The or- 
ganisms are extremely interesting because of their prevalence in and about 
banana plantations and might well bear watching. 

The two other organisms tested, F, anthophihim md the Fusarial stage 
of Hypomyces ipomoeae, were definitely proved to be distinctly saprophytic 
in so far as the banana is concerned. The first species is very common on 
decaying banana trash, and the second is found on plants and in the soil 
of banana plantations and the forest. These organisms are not closely 
related to F, cuhense, 

summary 

Only one distinct organism, F, cuhense, is directly associated with 
typical cases of banana wilt and can produce the typical banana wilt 
diseases 

Closely related species of Fusaria, especially F. oxysporum var. nico- 
tianae, F, orthoceras, and F. orthoceras var. triseptatum, all of which are 
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found in diseased banana plantations, have no direct relation to banana 
wilt. The relation of the last two organisms to root troubles might well 
be studied further. 

Fmarium cuhense can be distinguished, in practically all cases, from 
closely related organisms. In certain doubtful eases, inoculation experi- 
ments will have to be resorted to in order to distinguish between a pos- 
sible saprophytic form of F. cuhense and the parasitic form. 

Fusarium cuhense is present in the soil, and from this source enters 
the plant and produces disease. 

The inoculation studies correlated with the isolation, morphological, 
and physiological studies verify the statement made before, that F. cuhense 
is not present in virgin soil in the parasitic form, which is closely asso- 
ciated with banana plants and the soil in infected banana plantations. 

There is a possibility that a wild, saprophytic form of F. cuhense is 
present in virgin soil and may gradually adapt itself to the banana plant 
and eventually assume a distinct parasitic nature. It is generally assumed 
that this process of change requires many years. 

Prom a practical standpoint it is evident that the control work must be 
based upon the finding that the distinctly parasitic form of P. cuhense is 
definitely associated with the banana plant and infested soil in banana 
plantations. 

Fusarium moniliforme var. suhglutinans and F. moniliforme var. 
erumpenSf both quite generally found associated with living and decaying 
banana plants and often with the Colorado disease, have no direct relation 
to the Colorado disease. Because of the prevalence of these organisms in 
banana plantations, they might well bear watching. 

Fusarium anthophilum.^ commonly associated with decaying banana 
trash, and the Fusarial stage of Hypomyces ipomoeae^ found in soil and on 
dead plants in banana plantations and forests, have no direct relation to 
banana diseases. 

Agricultural Kesearch Department, 

United Fruit Company, 

Boston, Mass. 


THE EPFBCTIVENESS OF Y'AEIOIJS FUNGICIDES IN CON^ 
TROLLING THE COVERED SMUTS OP SMALL GRAINS ^ 

RESULTS OF THE COOPERATIVE CEREAL SEED TREATMENT PROJECT OP THE 
CROP PROTECTION INSTITUTE 

COMPILED BY 

E. B. Lambert, H. A. Rodenhiser, H. H. Elori 
INTRODUCTION 

Until recently formaldehyde and copper sulphate were the standard 
fungicides in the United States for controlling the covered smuts of cereals. 
However, when these fungicides are applied to wheat or hulless oats, they 
‘sometimes cause more loss through seed injury than they prevent by con- 
trolling smut. For this reason several modifications of the treatments have 
been devised in order to eliminate seed injury. Some of them are efficacious, 
but they usually make the treatment more complicated and cumbersome. 

The attention of most investigators in this field was still directed to the 
modification of old treatments when Darnell-Smith (1), in 1917, devised 
the copper carbonate dust treatment for bunt of wheat. The announcement 
of this discovery soon diverted the attention of investigators in the United 
States from the modification of old methods to the thorough testing of the 
copper carbonate treatment and to the devising of new treatments. Pre- 
liminary tests with copper carbonate (5) were so satisfactory that the 
American Phytopathological Society in 1922 recommended extensive co- 
operative tests with this material. It was pointed out that the quickest 
method of determining the practical advantages and limitations of the dust 
treatment would be through the united efforts of many workers in widely 
separated regions, in order to determine its utility under many different 
soil and climatic conditions. The Advisory Board suggested that the Crop 
Protection Institute handle the project. At the Rochester meeting of the 
Institute, Dr. C. R. Orton and Dr. E. C. Stakman were appointed a com- 
mittee to organize the project and secure cooperators. 

The objects of the project, as outlined by the committee, were to deter- 
mine the effect of chemical dusts on the amount of smut produced, and on 

1 The writers assisted Lr. C. R. Orton and Dr. E. C. Stakman, the committee on 
cereal seed treatments of the Crop Protection Institute, in drawing up the project. 
They also handled the details of supplying the cooperators with the necessary materials, 
and compiled the annual reports. They wish to express their appreciation to Dr. E. C. 
Stakman for his helpful suggestions and criticisms in the preparation of this manuscript. 
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the germination and yield of wheat, oats, and barley, and to compare the 
general effectiveness of the dusts with that of copper sulphate and of for- 
maldehyde. In the spring of 1922 the project statement was distributed to 
all members of the Institute and to those pathologists who the committee 
thought would be interested in cooperating. Investigators in eleven states 
in the United States and four provinces in Canada made cooperative experi- 
ments in 1922, 1923, and 1924. Brief progress reports of these investiga- 
tions were compiled annually (6, 7, and 8). Since the project was begun, 
many of the cooperators, as well as others, have published the complete 
results of their investigations. Their results are essentially in agreement 
with those obtained in the cooperative experiments. However, on account 
of the scope of the cooperative tests, it seems advisable to publish the 
results. 


COOPEBATORS 

The following investigators cooperated in the project : 

UNITED STATES 


Dr. T. F. Manns, 

Agricultural Experiment Station, 

XTewark, Del. 

Dr. W. H. Martin, 

New Jersey Experiment Station, 

New Brunswick, N. J. 

Dr. 0. B. Orton, 

Pennsylvania State College, 

State College, Penn. 

Dr. E. C. Stakman, 

Minnesota Agricultural Experiment Station, 
St. Paul, Minn., in cooperation with: 

Mr. B. S, Dunham, 

Northwest School and Station, 

Crookston, Minn, 

Mr. M. J. Thompson, 

Northeast Experiment Station, 

Duluth, Minn. 

Mr. B. 0. Bridgf ord. 

West Central School and Station, 

Morris, Minn, 

Mr. B. E. Hodgson, 

Southeast Experiment Station, 

Waseca, Minn. 


Dr. F. D. Heald, 

State College of Washington, 

Pullman, Wash. 

Prof. Boy C. Thomas, 

Agricultural Experiment Station, 

Wooster, Ohio. 

Prof. George H. Dugan, 

Agricultural Experiment Station, 

Drbana, 111. 

Prof. H. L. Bolley, 

N. D. Agricultural Experiment Station, 
Fargo, N. D. 

Dr. B. C. Kirby, 

N. Y. (Cornell) Agricultural Experiment 
Station, 

Ithaca, N. Y. 

Prof. A. T. Evans, 

S. D. Agricultural Experiment Station, 
Brookings, S. D. 

Dr. C. W. Hungerford, 

University of Idaho, 

Moscow, Ida. 
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CANADA 


Dr. B. T. Dickson, 

MacDonald College, 

MacDonald College, Que. 

Dr. G. R. Bisby, 

Manitoba Agricultural College, 
Winnipeg, Manit. 


Prof. J. E. Howitt, 

Ontario Agricultural College, 
Guelph, Ont. 

Prof. W. P. Fraser, 
University of Saskatchewan, 
Saskatoon, Sask. 


MATERIALS AND METHODS 

There was some variation in the use of the different fungicides. It was 
originally suggested that the following fungicides be used : copper sulphate 
dip, formaldehyde spray, formaldehyde sprinkle, formaldehyde dip, copper 
carbonate dust, and dehydrated copper sulphate dust. However, many 
promising fungicides have been placed on the market since the project was 
begun in 1922. Several of these were included in the tests, and, in some 
instances, substituted for those listed above. Only three tests were made 
with the copper sulphate dip method; the results were inconclusive and 
have therefore been omitted from this paper. The following fungicides 
were used : formaldehyde dip, formaldehyde spray, copper sulphate plus 
lime dust, copper carbonate dust, nickel carbonate dust, Seed-O-San dust, 
Semesan dust, and solutions of Semesan and of Uspulun. 

Many of the cooperators deviated slightly from the original plan of ap- 
plying the fungicides. These variations apparently had little influence on 
the results obtained and will therefore not be discussed in detail. The dusts 
were usually applied at the rate of two ounces a bushel for 'wheat, and either 
two or three ounces a bushel for oats and barley. Formaldehyde was used 
in two strengths : as a dip or sprinkle diluted at the rate of one part of 40 
per cent liquor of formaldehyde to 320 parts of water, followed by a one- 
to five-hour cover ; or as a spray, diluted 1 : 1 with water, and applied at 
the rate of one quart of diluted solution to 50 bushels of grain, as recom- 
mended by Haskell (4). Semesan and Uspulun were applied in solution, 
in strengths of 0.30 per cent and 0.25 per cent, respectively, the period of 
soak varying from 15 minutes to two hours. Tests also w'ere made with 
these fungicides after presoaking the grain. 

In the original outline of the experiment it was suggested that tripli- 
cated one-fortieth acre plots be used. A provision was added that the best 
agronomic practice of the station at which the tests were made be followed, 
if it was necessary to deviate from this plan. It was evident from the 
reports of the cooperators that there had been but little uniformity either 
in size of plots or number of replications. The size of the plots varied from 
a single rod row to one-fortieth acre, and the number of replications from 
one to six. Because of these differences, it was impossible to analyze the 
data on a statistical basis. 
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The results reported by the various cooperators from 1921 to 1924, in- 
clusive, are summarized in tables 1 to 8. Unless otherwise noted, the fig- 
ures for yield are the averages for replicated plots, and the figures for per- 
centage of germination are the results of tests made in sand. 


RESULTS OP INVESTIGATIONS 


Wheat. The data for wheat are given in tables 1 and 2. 

The superiority of copper carbonate dust over the other fungicides tried 
is clearly indicated. It is apparent that, in nearly all of the tests, the vari- 
ous fungicides, with the exception of formaldehyde, had little or no effect 
on the germination of the seed. Numerous investigators reported apparent 
seed injury from the use of formaldehyde. At Guelph, Ontario, in 1923, 
germination was reduced from 99 per cent in the check to 4 per cent in the 


treated plot. Likewise, in the same year at Indian Head, Saskatchewan, 
formaldehyde apparently reduced germination from 68 per cent in the 
check to 23 per cent in the formaldehyde treated plot. Formaldehdye did 
not injure the seed at Indian Head, Saskatchewan, in 1922, nor at Univer- 

I sity Farm, St. Paul, Minnesota, in 1923. Some of the minor differences in 

germination may have been due to random sampling in poor seedlots. 

Several of the fungicides effectively controlled bunt. Of these, formal- 
dehyde was the most effective. At only one station did as much as 1 per 
cent of bunt develop in the formaldehyde plots. Copper carbonate dust 
controlled bunt satisfactorily in nearly all of the trials. It reduced the 
amount of bunt to less than 2 per cent, except in two trials. At Pullman, 
Washington, 5.9 per cent developed in 1923; and at Brandon, Manitoba, 
7.33 per cent was recorded in 1924. In most of the tests, however, the bunt 
I I was almost entirely eliminated. The copper sulphate plus lime dust con- 

sistently reduced the amount of bunt but not sufficiently to justify its 
recommendation for practical use. Seed-O-San, nickel carbonate, and Se- 
mesan, applied as dusts, reduced the amount of smut, Semesan apparently 
being the most effective. Solutions of the organic mercury compounds, 
Semesan and Uspulun, were tested, but the results were somewhat conflict- 
ing, In 1924, Uspulun solution completely eliminated bunt of wheat at 
I University Farm, Minnesota, and at Moscow, Idaho ; but 1.83 per cent of 

bunt developed at Brandon, Manitoba. Semesan, when applied in solution, 
was effective in Minnesota and North Dakota; but 5.33 per cent and 2.07 
per cent of bunt developed in treated plots at Brandon, Manitoba, and 
Moscow, Idaho, respectively. 

Yield tests with wheat were inconclusive. There were twenty-four ex- 
periments in which yield comparisons were made, between check plots and 
plots for seed treated with formaldehyde, and with copper carbonate dust. 
The plots from copper carbonate treated seed yielded more than the checks 



TABLE 2 . — BesnUs of treating wheat with various fungicides at 10 different stations in the United Stales and Canada in 19^3 and 1924 



Yield tests from rod rows. 
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ill seventeen of the twenty-four experiments and less than the checks in 
seven experiments. The formaldehyde plots yielded more than the check 
plots in nine experiments, less than the checks in fourteen experiments, and 
in one case the yield was identical with that of the check. 

Hulled Oats. The data for hulled oats are given in tables 3 and 4. 

None of the treatments seemed to have any consistent effect on seed 
germination of hulled oats: there was considerable fluctuation in the per- 
centages of germination. In some cases treated seed did not germinate as 
well as untreated seed, while in others the reverse was true. It was impos- 
sible to determine from single tests whether these differences were due to 
random sampling or to the effect of the treatments. Experiments in which 
numerous cheek plots were planted proved this conclusively ; for example, 
at Winnipeg in 1923 the average germination of untreated seed was 95 per 
cent, w^hile the percentages for seed treated with formaldehyde and with 
copper carbonate were 84 and 66 respectively (table 3). These results 
might lead one to the conclusion that formaldehyde reduced germination 
11 per cent, and that copper carbonate reduced it 29 per cent, but there 
w^ere greater differences than this in the germination of replicated checks, 
and the apparent injury of treated seed wms probably due to random sam- 
pling, as the percentage of germination of 16 random samples of untreated 
seed varied from 59 per cent to 100 per cent. 

Formaldehyde was by far the most effective of the fungicides used for 
controlling smuts of oats, and was the only one which could be considered 
as entirely satisfactory. The other substances did not consistently reduce 
the percentage of smut. Seed-O-San markedly reduced the percentage of 
smut only at Fargo, North Dakota, in 1923. In three tests, at Winnipeg, 
Manitoba, in 1923, and at Wooster, Ohio, in both 1923 and 1924, seed treated 
with Seed-O-San produced more smut than did the untreated seed. Copper 
carbonate was the most effective of the dusts, although it did not control 
smut satisfactorily. In all eases it reduced the percentage of smut, but 
there was considerable difference in the extent to ^vhich it controlled the 
smuts in the experiments of different cooperators (table 3). Some of these 
differences in smut control may have been due to the fact that copper car- 
bonate often is less effective on naturally inoculated seed than on that 
which has been artificially inoculated. Dr. R. S, Kirby emphasized this 
point in the conclusion of his 1923 report. He states: ‘'Apparently the 
effectiveness of the various treatments can be determined only by the use 
of naturally inoculated seed. Artificial inoculation, when accomplished by 
mixing the seed with dry smut spores, does not allow the spores to get inside 
the glumes, or for them to germinate and form sporidia inside the glumes, 
as pointed out by Zade. This w^as shown in the 1923 experiments at Ithaca, 
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where the sulphur and copper carbonate dusts and Chlorophol steep treat- 
ments gave perfect control when artificially inoculated seed was used but 
gave only fair to moderate control when tested out on naturally inoculated 
seed.’^ 

Although nickel carbonate and copper sulphate plus lime dust reduced 
the smut in all trials, they usually w^ere less effective than copper carbonate. 
The organic mercury compounds were unsatisfactory in practically all cases. 
Copper carbonate and nickel carbonate were the most promising dusts, 
while formaldehyde was distinctly better than solutions of Semesan and 
Uspulun. 

Apparently none off the treatments consistently increased or decreased 
the yield. In most cases treated seed yielded more than the untreated, 
although the reverse was true in a few cases. This variation may have been 
due to soil heterogeneity. The only plots in which yields -were determined, 
where the check plots -were heavily smutted, were at St. Paul, Minnesota, in 
1923. There the treated plots yielded considerably more than the checks 
and the difference in yield was roughly proportional to the degree of smut 
control. 

Hulless Oats. The data for hulless oats are given in tables 5 and 6. 

The tests with hulless oats were made at only a few stations — all in 
Canada — and few^er fungicides were used than for wheat and hulled oats. 
The results of germination tests, smut counts, and yield tests indicate that 
copper carbonate was the best of the fungicides tested. Formaldehyde was 
decidedly injurious to seed, while copper carbonate and copper sulphate 
plus lime dusts did not seem to affect seed germination. The dusts con- 
trolled the smut effectively in all of the tests. In two of them, formalde- 
hyde reduced the percentage of smut only slightly and, in general, wms not 
so effective as copper carbonate. 

Nearly all of the treated plots yielded more than the checks. This w^as 
especially noticeable when the yields of copper carbonate plots w^ere com- 
pared wuth those of badly smutted check plots. In some eases the treated 
plots yielded two or three times as much as the checks. For example, at 
Scott, Saskatchewan, in 1923, the cheek plot contained 62 per cent of smut 
and yielded 21.8 bushels an acre, while the copper carbonate plot wms free 
from smut and yielded 52.8 bushels an acre. And at MacDonald College, 
Quebec, in 1922, the check plot contained 49 per cent off smut and yielded 
12.5 bushels an acre, w’^hile the copper carbonate plots contained 0.3 per 
cent of smut and yielded 28 bushels an acre. Again, at MacDonald College, 
in 1923, the check contained 71.4 per cent of smut and yielded 12.3 bushels 
an acre, while the copper carbonate plot contained 1.5 per cent of smut and 
yielded 36.6 bushels an acre. 


TABLE 3 . — Mesults of treating oats ivith vaHous fungicides at SO different stations in the United States and Canada in 19SS, 19Sd, and 1934 
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T ATy .T] 4 . — Ecsnlts of treating hulled oats with various fungicides at 14 different stations in tlve United States and Canada in 19S8, 19S3 and 19M 
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TABLE 5 . — The results of treating Imlless oats with various fungicides at seven stations in Canada in 1922, 1923 and 1924 
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Barley. The data for harley are given in tables 7 and 8. 

The tests with barley were not as extensive as those with either wheat 
or oats. In most cases they were not conclusive because of the small amount 
of smut in the checks. There seemed to* be little or no seed injury as a 
result of any of the treatments. Many of the treatments reduced the 
amount of smut, but formaldehyde was the only fungicide that consistently 
controlled it. The yield tests also were inconclusive. 


DISCUSSION AND CONCLUSIONS 


The advantages of dusts are obvious. However, none of those tested 
controlled the smuts of bulled oats and barley as satisfactorily as did the 
liquids. It therefore seems necessary to recommend a liquid treatment for 
hulled grain. 

Copper carbonate dust seems to be the best fungicide for wheat and 
hulless oats, whereas formaldehyde is most effective for hulled oats and 
barley. Copper carbonate controls bunt of wheat and the smuts of huh 
less oats cheaply and effectively without injuring the seed. In addition, it 
has the advantage of being applied as a dust. The formaldehyde and 
copper sulphate treatments control the smuts of these grains, but they wet 
the seed and often injure the seed. 

Formaldehyde controlled the smuts of hulled oats more satisfactorily 
than any of the other materials tested. The formaldehyde spray method, 
recommended by Haskell (4), seems to be the most desirable for oats. This 
treatment is too injurious for use on wheat or hulless oats, but apparently 
it is safe for hulled oats and has the advantage of being practically a dry 
treatment, as the seed does not become wet if the formaldehyde is applied 
properly. 

None of the dusts consistently controlled smuts of oats. Copper car- 
bonate, which was the most effective of them, eliminated the smuts com- 
pletely in some tests but not in others. Keeent investigations by Zade (9) 
suggest plausible explanations for the disagreement in the results obtained 
by different cooperators. He found that TJstilago avenm persists from one 
crop year to the next in the form of mycelium and chlamydospores under 
the glumes and in the epidermis of the earyopsis. Thus the disparity in 
the results obtained by different investigators may have been due to the 
fact that some used naturally inoculated seed, while others used artificially 
inoculated seed. On the other hand, it is possible that copper earbonate 
dust controls the covered smut but not the loose smut, and that the differ- 
ence in the effectiveness of the dusts in the different experiments was due 
to the amount of loose smut present in the seedlots. 


TABLE 7. — Results of treating barley with various fungicides at 10 stations in the United States a/ud Ca'tmda in 192B, 1923 ^ and 1924 
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a Yield tests from one-fortieth acre plots except as otherwise noted, 
b Yield tests from rod rows, 
c Formaldehyde sprinkle, 
d No replications. 


TABIjE S.—Besults of treating harley with various fungicides at seven statmis in the United States and Canada in 1923 and 1924 
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None of the tests with barley were conclusive because there was very 
little smut in the check plots. However, formaldehyde seemed to control 
the covered smut most effectively. 

It is interesting to note that the most satisfactory treatments, the copper 
carbonate dust method and the formaldehyde spray method, both were de- 
vised in the past decade. New materials are being produced and offered to 
the experiment stations for trial, usually under trade names, and some of 
them may prove to be better than those now recommended. Ho-wever, copper 
carbonate dust for wheat and hulless oats, and the formaldehyde spray for 
hulled oats are effective and simple treatments. If new fungicides replace 
these materials, it would seem that they must do so by their ability to in- 
crease yields distinctly, or to control seed- and soil-borne organisms in 
addition to the covered smuts. 

The necessity of making comparative field tests of the value of different 
fungicides under many different soil conditions, and of carefully consider- 
ing the effect of the fungicides on seed germination and on yields, cannot be 
over-emphasized. Laboratory indices of the effect of fungicides on patho- 
genes and on seed germination, as suggested by Gassner (2 and 3), may be 
used advantageously to show which chemicals deserve further test, but such 
tests must be supplemented by field experiments. Furthermore, clean seed 
is often treated, and therefore the relative effect of fungicides on yield of 
clean seed must be determined as well as their effect on the yields of badly 
smutted seed. Germination and yield tests must be made in such a 
manner as to make possible a statistical analysis of the results; otherwise 
they will be practically worthless. 

SUMMARY 

1. This paper summarizes the results of a cooperative project carried 
out in eleven states in the United States and four provinces in Canada 
during 1922, 1923, and 1924. 

2. The primary object of the project was to compare the general effec- 
tiveness of the copper carbonate dust treatment with the standard formalde- 
hyde treatment on the amount of smut and on seed germination and yield 
of wheat, oats, and barley. Several other materials were tested : nickel car- 
bonate dust, copper sulphate plus lime dust, Semesan dust, and solutions 
of Uspulun and Semesan. 

3. Copper carbonate dust was the most satisfactory of the materials 
tested for controlling bunt of wheat and smuts of hulless oats. It did not 
injure the seed appreciably, practically eliminated the smuts, and seemed 
to have a tendency to increase yields. Formaldehyde controlled the smuts 
of these cereals more completely than any of the other materials tested, but 
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often seemed to injure the seed. It was especially injurious to hulless oats. 
Solutions of Uspulun and Semesan were not as effective as formaldehyde. 

4. Haskeirs formaldehyde spray method seemed to be the best treatment 
for hulled oats. Formaldehyde controlled the smuts of hulled oats more 
completely than any of the other fungicides. Copper carbonate was the 
best of the dusts but was much less effective on hulled oats than formalde- 
hyde. 

5. The experiments with barley w^ere somewhat inconclusive owing to the 
small percentages of smut in the check plots, but formaldehyde seemed to 
control the covered smut better than any of the other treatments. Appar- 
ently none of the treatments injured barley seed. 

6. In most cases no definite conclusions could be drawn regarding the 
effect of the different treatments on yields, owing to the lack of systematic 
replication of the experimental plots. However, the results obtained from 
treating badly smutted hulless oats with copper carbonate dust were so con- 
sistent and outstanding that the treatment undoubtedly was at least par- 
tially responsible for the increased yield. 
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STUDIES ON LEAFHOPPER INJURY TO APPLE LEAVES^ 


A . A . G R A N 0 V S K y 2 

With Plate XXIV 

During the past three years, in many orchards at Sturgeon Bay and 
other points of the Peninsular region of Wisconsin, a peculiar yellowing of 
the marginal areas of apple leaves was a common occurrence. The symp- 
toms in various degrees of intensity were observed on younger, as well as 
older, leaves, and could not be ascribed to any well known cause. This yel- 
lowing was often noted in association with curling of the leaves caused by 
aphids and leafhoppers commonly found on apple trees. 

Observations in numerous orchards showed that the three species of 
the leaf -feeding apple aphids were present every year in abundance, infest- 
ing the branches, terminal shoots, fruit spurs and water sprouts. The 
green apple aphid, A'phis pomi De Geer, was found to feed largely on rap- 
idly growing tips and water sprouts. The apple grain aphid, Bhopalosi- 
phum prunifoUae (Fitch), formerly known as Aphis avenae, was confined 
to apple trees only in the spring and fall, spending its summer on grains 
and grasses. The rosy apple aphid, Anuraphis roseus Baker, commonly 
known in this country as Aphis sorbi, selects its feeding places on the leaves 
of terminal shoots and fruit spurs, usually on the lower part of the apple 
tree, until midsummer, when it migrates to the narrow-leaved plantain and 
returns to the apple trees in the fall. 

It was further observed that the leafhoppers of cosmopolitan food habits 
were also present on apple trees in abundance. They were feeding not only 
on aphid infested branches, but were often found mixed on the same leaves 
with the aphids. The following species of leafhoppers were collected in 
such association: the apple leafhopper, Empoasca maligna (Walsh), 
formerly E. unicolor Gillette; the potato leafhopper, Empoasca faiae 
(Harris), commonly known as E. mali (Le Baron) ; a species known as 
Empoasca flavescens (Fabricius), which is closely related to the last named 
species in structure and in food habits ; and the rose leafhopper, Typhlocyba 
rosae (Linnaeus), usually called Empoa rosae (Linn.). All the above 
listed species were observed feeding and breeding on the apple foliage. 

1 Published with the approval of the Director of the Wiscousia Agricultural Ex- 
periment Station, 

2 The writer wishes to express his sincere gratitude to Dr. L. B. Jones, Dr. G. W. 
Keitt and Professor H. P. Wilson for reading the manuscript, constructive criticism and 
many helpful suggestions. 
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Occasionally the aster leafhopper, Cicadula sexnotata (Fallen), was col- 
lected. This species was always found in the mature stage, while other 
species were observed also in nymphal stages. 

SYMPTOMS 

The typical symptoms in question manifest themselves in a character- 
istic marginal yellow discoloration of the leaves. It usually begins at the 
tip of a leaf blade and gradually progresses downward along the midrib 
and lateral veins in more or less triangular areas at the outer margin of the 
leaf. This marginal discoloration, when viewed from the upper side of 
the leaf blade, is invariably more rapid on the proximal side of the lateral 
veinlets than on the distal side of these veins (Fig. 1). As the symptoms 
progress, the marginal yellow^ triangular areas running towards the midrib 
increase in size and occasionally may reach the midrib. In cases of severe 
injury, the tips, as well as the distal margins of the leaves, turn brown, 
showing a characteristic burning. In many instances leaf margins thus 
affected curled upward, much resembling the hopperburn injury of potatoes 
(Fig. 2). Although both older and younger leaves are subject to the symp- 
toms, this is especially true of the younger leaves of rapidly growing term- 
inal shoots and the succulent growth of water sprouts. A considerable 
pocketing and a characteristic downward rolling of the younger leaves w^as 
also observed, w^hile the older leaves had only the discoloration symptoms 
described above without much dowmward rolling. 

With the advent of cold weather the yellow discoloration at first assumed 
a reddish color which was very prominent, and later it gradually changed 
to a purple tinge. The normal and unaffected leaves remained green until 
the first killing frost. Not only were the affected triangular areas between 
the lateral veinlets changed in color by the approach of cold weather, but 
the veins and midribs of the affected leaves show^ed the purplish discoloration 
far beyond the farthest advance of the triangular discoloration, indicating 
the possible presence of some infective principle in the vascular system. 
The progressive downward discoloration along the veins suggests its pres- 
ence in the phloem region. This, in its turn, suggested the possible insect 
relation to the symptoms described, as it is illustrated by Woods (19), 
Davidson (9), and Horsfall (15), that the sucking insects derive their food 
from the phloem vessels of the vascular bundles. 

THE ASSOCIATION OF INSECTS WITH SYMPTOMS 

Since these symptoms w^ere found in the field on the leaves infested wdth 
the aphids and leafhoppers, these insects w’^ere suspected to have some causal 
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relationship. Yet it will not be amiss to mention that the symptoms are 
decidedly diiSerent from the feeding injury commonly ascribed to these 
insects. Several entomological workers reported a severe feeding injury to 
apple trees, especially to nursery stock, both by the leafhoppers and aphids. 
All of these insects retard the growth of the terminal shoots and nursery 
stock by extracting the plant juices. 

So far as the leaf symptoms are concerned, Lathrop (16) and Ball (7) 
note that the apple leaf hopper, Empoasca maligna, and the rose leaf hopper, 
Typhlocyla rosae, produce only white stippling and spotting on the upper 
surface of the older leaves without curling them. The potato leafhopper, 
Empoasca faiae, is feeding on the younger leaves of tips, water sprouts and 
nursery stock, causing a characteristic downward curling and distortion of 
the foliage. The tips and margins of badly affected foliage turn brown and 
dry up wdthout white spotting. Similar description of the feeding injury 
by Empoasca fabae is made by Ackerman (1) as well as others. 

No reference to a triangular discoloration along the lateral veinlets and 
marginal upturn of the leaves is made, and, as far as the writer is aware, 
there is no definite record of these symptoms in literature on the subject. 

In discussing the potato hopperburn, the apple plant is usually listed as 
a food of leafhoppers, and only a few brief notes [Ball (4, 5, 6), Parrott and 
Olmstead (18), Fenton and Hartzell (14) and others] mention the fact 
that leafhoppers may cause curling and tipburn. Only in two instances, 
Dudley and Wilson (10) and Dudley (11), we find that, in connection with 
potato hopperburn studies, when the potato leafhoppers were allowed to 
feed on a few apple seedlings under controlled conditions, they produced 
burning of the apple foliage in from 10 to 21 days. No description of 
characteristic symptoms of apple injury was given, however. 

The literature on feeding habits of apple-inhabiting aphids also refers 
to curling of the leaves. The rosy apple aphid, Amcraphis roseus, is well 
knowm for its severe injury to apple trees by curling and twisting the leaves 
in clusters and often rendering fruits unmarketable (Baker and Turner 
(3), Matheson (17) and others). The green apple aphid, Aphis pomi, as 
reported by Matheson (17), is also able to contort the leaves, but the ex- 
periments conducted by Baker and Turner (2) indicate that this aphid 
causes very little leafcurling. The observations, as well as experiments, 
of several workers show that the apple grain aphid, Bhopcdosiphum pruni- 
foliae, seldom, if ever, causes any marked curling of the leaves. 

Ackerman (1) differentiates the leafhopper curling of apple foliage 
from that of aphids. He states that the leafhopper curling begins ^^at the 
apex and extends toward the base of the leaves, the lower surface always 
being rolled in. This type of injury differs from aphid leaf -curl in that 
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aphids roll the leaves more tightly and curl them from the sides instead of 
from the tips/' 

Again, in discussing the types of injury by aphids, no reference is 
made to characteristic discoloration symptoms and marginal upward curl- 
ing of the leaves. 

EXPERIMENTAL EVIDENCE OF THE DISEASE 

In order to determine the cause of this injury, several series of cage 
experiments were conducted at the Peninsular Branch Experiment Station, 
Sturgeon Bay, Wisconsin. The first preliminary series of experiments was 
started on July 10, 1924, in the orchard at the station grounds, and closed 
on August 11, 1924. The second series of experiments was conducted be- 
tween May 20 and August 13, 1925. In all experiments each spur under 
observation was covered with a large parchment bag of a type commonly 
used in plant breeding, which allowed enough light for normal development 
of leaves and at the same time protected them from insects and other ex- 
ternal contaminating factors. 

On July 10, 1924, ten rapidly growing terminal spurs without evidence 
of symptoms, and apparently healthy, on Wealthy apple trees were selected. 
Only ten upper leaves were left on each spur, the lower leaves being stripped 
off the shoot. Twenty leaf-hoppers of different instars were placed on the 
foliage of five of these spurs and inclosed by the large parchment bags. 


TABLE 1 . — delation of feeding of Mmpoasca fabae to apple leaf injury ^ 1924 


No. of 
spur 

Spurs with leafhoppers 

Total 

No. of 
spur 

Spurs without leafhoppers 

Total 

No. leaves showing injury 

No. leaves showing injury 

Severe 

Slight 

None 

Severe 

Slight 

None 

1 

6 

3 

1 

10 

la 

0 

0 

10 

10 

2 

8 

0 

2 

10 

2a 

0 

2 

8 

10 

3 

3 

4 

3 

10 

3a 

0 ' 

0 ' 

10 

10 

4 

5 

2 

3 

10 

4a 

0 

0 

10 

10 

5 

5 

4 

1 

10 

5a 

1 

0 

9 

10 


The other five spurs were bagged without insects to serve as controls. They 
were left undisturbed until August 11, 1924. When the spurs were ex- 
amined, most of the leaf hoppers were dead, but the injury was very char- 
acteristic and severe, being much more pronounced than in the open. This 
was probably due to a prolonged confinement of leafhoppers to the same 
foliage, which seldom happens in nature, where adult leafhoppers are swiftly 
moving from one leaf to another and from spur to spur. The control tips 
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remained healthy, having only one leaf out of fifty that showed the typical 
symptoms, while two- leaves had only a slight trace of yellowing along the 
veins. This, however, was probably due to a feeding of leaf hoppers on 
these leaves before the tips were caged. Table 1 summarizes the results. 

Early in the summer of 1925 the above experiment was repeated, proper 
precautions being taken to protect the terminal shoots by caging them be- 
fore the migration of this species of leafhoppers to apple foliage. The 
spurs were caged on May 20, when apple leaves just opened, and only a very 
few adult leafhoppers were present on the apple trees. During the second 
w^eek of June the leafhopper population increased considerably. On June 
11, ten protected terminal shoots were taken for the leafhopper feeding 
experiment. Five of them w^’ere colonized with ten adult leafhoppers each, 
using Empoasca fabae, and five shoots were kept protected as controls. 

During the course of the experiment, the leaves w^ere examined three 
times for symptoms. On June 18, most of the leaves showed a co-nsiderable 
downward curling and only a few showed a decided tip burning, with a 
slight yellowing just preceding the brown burnt areas. On July 3, when 
the spurs were examined for the second time, they were infested with both 
the adults and their nymphs of different ages. The spurs increased in 
length, and practically all of the younger leaves were badly curled down- 
ward, showing typical leafhopper feeding injury. Many leaves had their 
tips and apical margins brown from burning. Practically all of the older 
leaves and many younger ones displayed the characteristic discoloration 
along the midrib and lateral veinlets. The symptoms were invariably more 
progressive on the lower side of the veins than on the upper. Many leaves 
showed very severe injury. The third and the last examination of the 
shoots took place on July 14, when it was observed that many leaves were 
so badly damaged that they were not only discolored along the veins and 
turned up at the margins, but some of them were entirely dried out and fell 
off the spurs. 

One shoot in this experiment was less affected than others, showing only 
the feeding injury and very little discoloration along the veins. This fact 
suggests the thought that probably not all of the leafhoppers of this species 
are able to produce the characteristic symptoms. It also points to a pos- 
sible acquisition o-f virulence by leafhoppers during the feeding on wild 
hosts before reaching the apple trees. It may be that this tree was re- 
sistant to such an attack. This question is not clear, however, and requires 
further study. 

The control shoots had all 51 leaves normal and healthy, without any 
symptoms of discoloration, curling or burning. Table 2 summarizes the 
results obtained in feeding of leafhoppers under controlled conditions. 
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TABLE 2.~—Belation of feeding of Empoasm fdbae to apple leaf injury, 1925 



Number of leaves showing a characteristic injury 


of 

spur 

Very 

severe 

burning 

Severe burn- 
ing and dis- 
coloration 

Strong dis- 
coloration 
along the 
veins 

Slight 

discolora- 

tion 

Only curl- 
ing due to 
feeding 

Total no. 
of leaves 

1 

4 

2 

2 

1 

0 

9 . 

2 

0 

0 

0 

2 

5 

7 

3 

7 

3 

2 

0 

0 

12 

4 

5 

4 

1 

0 

0 

10 

5 

6 

3 

1 

0 

1 

11 


This experiment, it is believed, definitely indicates that Empoasca fabae 
is responsible not only for curling the leaves due to feeding, but also- for 
the characteristic discoloration along the veins and burning of the foliage, 
which resembles that of hopperburn of potatoes. Prolonged confinement 
of leafhoppers on the same foliage considerably intensifies the symptoms. 

A few supplementary experiments were carried on in which only one 
or two leafhoppers were caged over one leaf on each tip, which in turn was 
also covered with a large bag for protection from other insects. The ex- 
periment showed that the downward curling of the young leaves is always 
associated with the feeding of leafhoppers. Typical discoloration symp- 
toms, although present in the majority of the cases, were not, however, 
shown in all of them. This indicates the presence of some specific toxic 
substance or infectious material within the insects, the nature of which is 
not clearly understood. It was also found that it has a decided downward 
movement along the midrib and lateral veins, but is restricted to the leaves 
on which insects were feeding, other leaves of the same tips remaining free 
from the symptoms. 

Similar feeding experiments were conducted with three common apple 
aphids, colonizing each species separately on leaves of rapidly growing 
tips. The most common aphid in apple orchards in the spring was 
found to be the apple-grain aphid, Rhopalosiphum prunifoliae. Five tips 
colonized with this species gave negative results so far as the symptoms in 
pomi, which curls the leaves but slightly, hardly tipping the apical ends 
downward. The rosy apple aphid, Anuraphis roseus, was less numerous, 
but it certainly produced very severe curling and sidewise twisting of the 
leaves with pronounced pocketing and deformations. Not in a single case, 
however, were there produced discoloration symptoms in any way com- 
parable to those obtained in feeding of leafhoppers. 
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ARTIFICIAL PRODUCTION OF SYMPTOMS 

Several attempts were made to produce symptoms by artificial inocula- 
tions, using inocula prepared by macerating the adults and advanced 
nymphal stages of Empoasca fahae in a small quantity of sterile distilled 
water in a test tube. The ordinary method of needle inoculation was used, 
having a small amount of cotton tied to the point of the needle to facilitate 
the introduction of a sufficient amoiint of inoculum into each of the needle 
pricks. Ten fine pricks, aiming to wound the midrib and lateral veinlets, 
were made on each leaf. Fifty-five leaves, which were protected from in- 
sects from May 20 to the end of the experiment, were thus inoculated on 
June 15, 1925. Three days later on June 18, the inoculated leaves were 
examined, but no symptoms were noticed with the exception of brown sears 
in the places of inoculation. On June 23 the second examination was made, 
and at this time 29 leaves showed progressive discoloration, variable in de- 
gree, but similar in all respects to symptoms obtained in the feeding experi- 
ments. When the treated tips were examined fon the last time on July 3, 
all but seven of the leaves exhibited the symptoms in varying' degrees from 
slight to severe. Fifty other leaves inoculated with sterile distilled water 
failed to show any symptoms more than a few dead cells around the needle 
pricks. This seems to indicate that the adults and advanced nymphal 
stages of insects contain some active principle which is capable of inducing 
the symptoms in the leaves. 

Two series of inoculation experiments were performed, one between 
July 10 and August 11, 1924, and another between June 18 and July 14, 
1925, by crushing the nymphs and adults on apple leaves, aiding the en- 
trance of insect juice into the plant tissue by needle pricks. Five insects 
were used to each leaf. Thirty-one per cent of the leaves showed decided 
symptoms in different degrees. Evidently it is difficult to inoculate the 
leaves by this method, for the reason that small insects dry too rapidly 
after they are crushed on the leaves. Sufficient data was obtained, how- 
ever, to indicate that insects carry some toxic substance or infectious agent 
to cause the symptoms. 

An attempt was made to produce the symptoms by using the sap pressed 
out of leaves showing different stages of the disease. This work started 
on July 3 and was in progress until August 13, 1925. The ordinary method 
of needle inoculation was used, 10 pricks being made in each leaf. Fifty 
leaves were inoculated with the sap of apparently uninfected leaves as a 
check. At the close of the experiment all check leaves failed to show in- 
jury. Only 3 leaves out of 50 inoculated with the sap of diseased leaves 
showed decided discoloration. Four leaves showed a faint yellowing, which, 
however, was not very similar to the typical symptoms. In case of the 


420 


Phytopathology 


[VoL. 16 


potato hopperbixrn, Eyer (12) obtained positive results in reinoculation 
made from the diseased tissues, while Fenton and Ressler (13) obtained 
only negative results, with some browning at the tips of potato leaflets. It 
is considered that data obtained in this experiment is not sufficiently con- 
vincing to warrant any definite conclusions. Yet it is quite possible that a 
virus from the sap of affected leaves may be transmitted to healthy ones, 
although giving a relatively very small percentage of infection on account 
of dilution of infective principle in leaf tissue and the crude artificial inocu- 
lation methods employed, as compared wdth those at the command of a 
sucking insect. 

LEAFHOPPBRS AND VIRUS DISEASES OP PLANTS 

In connection with these experiments, it may be of interest to note that 
there are several very important virus diseases of economic plants attributed 
to feeding of leafhoppers. It will be sufficient to call to mind only a few 
well known instances in order to appreciate the importance of leafhoppers 
in transmission and dissemination of virus diseases. The curly-top of sugar 
beets is produced by punctures of the beet leafhopper, Euteitix tenella 
Baker, as is shown by the works of Ball, Severin, Carsner and others. The 
potato hopperburn is caused by the potato leafhopper Empoasca falae 
(Harris) as demonstrated by Ball, Fenton, Eyer, etc. The recent work by 
Kunkel definitely indicates that the aster leafhopper, Cicadula sexnotaia 
(Fallen), is responsible for transmission of the aster yellows. There are a 
few other cases reported, and no doubt, in the course of time, many more 
will come to* the attention of phytopathologists and entomologists. 

In comparing the symptoms and the nature of better known cases, it 
may be said that there are at least two general types of virus diseases pro- 
duced by leafhoppers. In case of the curly -top of sugar beets and the aster 
yellows, the infective principle is diffused and becomes systemic within the 
plant. The symptoms are usually more apparent in the new growth. In 
the case of the potato hopperburn, as well as in the symptoms described in 
this paper, the infective principle is localized in the foliage on which leaf- 
hoppers have had opportunity to feed. 

It is believed that leafhoppers are equally as, or more important than, 
the aphids in dissemination of virus diseases, but on account of their agile 
habits are less suspected as an important factor in the spread of these dis- 
eases. 

■SUMMARY 

1. The apple hopperburn symptoms are distinct from the ordinary feed- 
ing injury caused by leafhoppers. 
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2. The typical leafhopper feeding injury is characterized by down- 
ward curling of the leaves, which begins at the apex and extends toward 
the base of the leaves. In this curling the lower surface of the foliage is 
always rolled in, without a characteristic marginal discoloration along the 
lateral veins. 

3. The apple hopperburn is characterized by marginal yellow discolora- 
tion of the leaves which moves progressively downward along the lateral 
veinlets and midrib. It is invariably more rapid in its development on the 
proximal side of the lateral veins than on the distal in reference to the 
petiole of the leaf. In cases of severe injury, the apical margins of the 
leaves turn brown and often curl upward. 

4. Feeding experiments indicate that the potato leafhopper, Empoasca 
fahae (Harris), is not only able to produce the symptoms, but prolonged 
confinement of insects on apple leaves intensifies the symptoms. 

5. These symptoms, observed on apple leaves, strongly resemble the 
hopperburn of potato, suggesting the existence of some toxic or specific in- 
fective principle within the insect. 

6. This specific infective principle moves downward in vascular bundles, 
discoloring the veins, but is localized in the leaves subjected to leafhopper 
feeding. 

7. The symptoms can be produced artificially by needle inoculations 
with inoculum prepared from macerated adults and advanced nymphal 
stages of the insect. 

8. Crushing the nymphs and adults on apple leaves resulted in a smaller 
percentage of infection. 

9. The sap of affected leaves gives only a very small number of infec- 
tions, probably due to the crudeness of inoculation technique and to dilu- 
tion of infective principle in the sap of the plant. 

10. * The definite association of certain species of leafhoppers with the 
symptoms ; the progressive downward movement of symptoms in the vas- 
cular system ; and artificial production of symptoms with inocula pre- 
pared from the insects and affected leaves indicate that the insect in ques- 
tion is a carrier of some specific infective principle, possibly a virus, in 
nature. 

11. The leafhoppers may be looked upon as a major factor in dissemina- 
tion and transmission of important virus diseases of plants. 

■Wisconsin Agricultural Experiment Station, 

Madison, Wisconsin 
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EXPLANATION OP PLATE XXIV 

1. Two apple leaves showing a characteristic marginal discoloration, which gradu- 
ally progresses downward along the midribs and lateral veins in a more or less tri- 
angular fashion. It is more rapid on the lower or proximal side of the veins than on 
the upper or distal side. 

2. Several young apple leaves showing advanced stages of ''hopperburn,’' which 
as characterized by upward curling of leaf margins. 






STEAWBEREY YELLOWS/^ A DEGENERATION DISEASE 
OF THE STRAWBERRY^' ^ 

A.G,Plakidas 

Strawberry plants in the Central California Coast District have suffered 
for a long time from an obscure disease. This disease, however, although 
more destructive in this section than in any other strawberry-growing dis- 
trict, is by no means limited to this region; it occurs in other parts of Cali- 
fornia, and also in the states of Oregon and Washington. ' ? 

This trouble has been attributed by the growers to various causes, such 
as insect injury, too much water, soil conditions, variety degeneration, etc. 

The evidence at hand shows, however, that this is a new addition to the long 
list of plant troubles designated as degeneration, mosaic,” or virus” 

'diseases; and, as far as the writer is aware, it is the first disease of this 
nature to be reported on the strawberry. Professor W. T. Horne^ was the 
first investigator to recognize the fact that a specific disease was involved 
and gave a pathological description of it in 1922. 

The most conspicuous symptoms of the disease are: (a) a characteristic 
curling or cupping of the leaves; (b) yellowing of the leaves around the 
margin and between the larger veins; (c) dwarfing of the leaves, both 
petioles and blades, and a general stunting of the growth of the entire 
plant ; (d) premature reddening or autumnal color of the older outer leaves. 

(This is not a very definite symptom, because the leaves of healthy plants 
also turn reddish brown with age or when affected by frost. However, the 
leaves of diseased plants turn color earlier than those of healthy plants of 
the same age.) (e) Appearance of small red dots on the lobes of the margin 
of very young leaves. (These red dots appear on older leaves, whether 
healthy or diseased, but they are not present on the very young leaves of 
healthy vines, while they are always present on the young leaves of diseased 
ones.) (f) The disease is transmitted through the runners; i.e,^ every 
daughter plant will be diseased, (g) The root system appears perfectly 
healthy during the early stages of the disease. j 

1 The term ‘'yellows^' has been suggested to the writer by Prof. H. P. Barss, ‘^be- I 

cause of characteristics reminding one somewhat of such virus diseases as aster yellows, 

peach yellows, etc. ’ ' 

2 Plakidas, A. G. An obscure new disease of the strawberry in California. Phyto- 
path. 15: 730. 1924. [Abstract]. 


3Eept. of the College of Agr, and Exp. Sta. Univ. of Calif. 122-123. 1921-22. 
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These symptoms are, of course, characteristic of typical cases. Some 
o-f the symptoms may be screened, or not conspicuously manifested under 
very favorable growing conditions, but again become apparent if the vigor- 
ous growth of the plant is cheeked. Plants may appear to recover at times, 
but again relapse. Complete recovery of an affected plant never has been 
noted. The disease is not transmitted through the seed. Seedlings from 
seed of diseased plants are healthy until they become inoculated. 

The following have been considered as possible causes of the disease : 
the red spider {Tetranychus telarius lAim,) , adverse chemical conditions of 
the soil, a soil organism, a virus. 

Experiments have shown that no one of the first three is the cause of 
the disease. The detailed results of these experiments will be presented in 
a later publication. In this paper only the virus feature of the problem 
will be considered. 

That ‘'yellows^' is a virus disease, and that insects act as vectors, is 
seen from the following circumstantial evidence : 

(a) The disease is systemic; all daughter plants coming from diseased 
mother plants are diseased, and continue to produce diseased plants no 
matter on what soil they are allowed to grow. 

(b) The infection spreads very rapidly and in the direction of the pre- 
vailing wind — just what we would expect if insects are the carriers of the 
infectious principle. 

(c) The disease is not transmitted through seed: this is characteristic 
of diseases of this type. 

The results of the following experiments give direct evidence that the 
disease is caused by a virus. A lot of 40 healthy young plants (variety 
Banner) in pots on steam sterilized greenhouse soil were divided into five 
sets of eight pots each and were treated as follows : set A was placed in an 
isolated spot, away from any other strawberry plants, to be used as cheek. 
The plants of set B were placed in another isolated spot and w^ere lightly 
infested with red spider (Tetranychus telarius Linn.) taken from leaves of 
diseased plants. Similarly, the plants of set C were isolated and were in- 
fested each with 10 individual strawberry aphids (Myzus fragaefolii) taken 
from leaves of diseased plants. The pots of set D were placed in a patch 
of diseased plants and were left unprotected from insects. The diseased 
plants in the patch were infested with various insects— aphids, white flies, 
thrips, red spiders, etc. The plants of set E were placed in insect-proof 
cages in the vicinity of this same patch. This experiment was started the 
middle of July, 1925. 

The results of these experiments are discussed belowL 



Only 3 out of 8 plants of set B showed symptoms of the disease one 
month after inoculation ; after another five weeks, all plants of this set were 
diseased. A doubt, however, remains as to whether the red spider inocu- 
lated all the plants in this set, or only the three that showed the symptoms 
first; for soon after the first three plants began to develop the ^‘yellows'’ 
symptoms, the plants of this set were infested with strawberry aphids, and 
it is not improbable that these aphids inoeulated the remaining five plants 
from the first three. 

Six of the 8 plants which were placed in cages failed to grow (a severe 
treatment of nicotine sulphate-oil solution at the time of planting proved too 
strong for them) but the two that survived developed normally and are 
still healthy at present. 


Set A (the control) remained healthy, and are still healthy at the present 
time. These plants became infested with insects — aphids, white flies, red 
spider, etc.— but apparently these insects did not come in contact with dis- 
eased plants. The plants of sets C and D (ie., those infested with ' ^ infected ’ ’ 
aphids, and those left exposed to '^infected'' insects respectively) began to 
show “yellows” symptoms about one month after inoculation, and devel- 
oped all the typical “yellows” symptoms after another month (Fig. 1). 
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FiO. 1. Young Banner strawberry plant showing typical yellows symptoms. 
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There is a possibility that this disease is transmissible by direct inoenla- 
tion with juice of diseased plants, but the evidence at hand at present is 
inconclusive. Nine out of 11 apparently healthy plants inoculated by 
means of a hypodermic syringe with extracted juice from leaves of sick 
plants developed the /'yellows/’ as against 4 out of 11 for each of two 
control sets — one injected with sterile water, and the other with juice from 
healthy plants. But, as the plants experimented with were not protected 
from insects, little, if any, weight can be placed on these results. 

Effective insect-proof cages have been constructed, and further experi- 
ments are now in progress in order to learn more of the mode and agents 
of transmission of this disease. 

Cytological examination of stained sections of roots, leaves, and petioles 
of diseased plants so far have failed to show the presence of any intra- 
cellular bodies or other abnormalities which are generally found associated 
with most virus diseases. Further study is being made in this direction, 
however. 

This is a preliminary report of a general study of strawberry diseases 
carried on in this laboratory under the direction of Professor Ealph E. 
Smith. 

University of California, 

Division of Plant Pathology 


EEVISED METHOD FOR THE QUANTITATIVE DETERMINATION 
OP SULFUR FUNGICIDES ON FOLIAGE 

H . W.. riTC H 

In a previous article^ the writer described a method for making a quan- 
titative determination of sulfur fungicides on foliage. The following is a 
revision of that method and is much more accurate. For each 100 leaves^ 
f proceed as follows: 

Pour 250 cc. of carbon tetrachloride into a large beaker. Immerse 
about 35 leaves in the tetrachloride and let stand, with occasional shaking, 
for 10 minutes. Then remove a few leaves at a time, pulling them out by 
the stems, and rinse them in a second beaker containing 250 cc. of carbon 
I tetrachloride, carefully shaking off all droplets of solvent before discarding 

j leaves. 

Filter the carbon tetrachloride solution through a thin tuft of absorbent 
cotton in a funnel to remove coarse debris. Collect the filtrate in a 500 cc. 

’ flat bottomed flask and distill nearly to dryness on the hot plate through 

a condensor to recover the solvent. Filter more solution into the same flask, 
after cooling, until all the solution is filtered and distilled. Rinse the two 
beakers with Q. S. tetrachloride, passing rinsings through cotton wool, and 
distill as before. 

I Add 200 cc. distilled water to the residue in the flask, and then 5 grams 

sodium peroxide. Heat on the hot plate for 2 hours. Cool and add an 
additional 5 grams of peroxide. Heat an additional 2 hours. Cool and 
make decidedly acid to methyl red by addition of concentrated hydrochloric 
acid C.P. Heat about X hour on the hot plate and cool. Then place in 
the flask a small quantity of dry asbestos fiber, such as is used for Gooch 
crucibles, and shake well. The asbestos fiber will collect all flocculent ^ it 

waxes, etc., which are thrown out on acidifying. 

Next prepare a Buchner funnel as follows : 

Place in funnel two filter papers, wet, and sucked dry. Then form a 
fairly thick mat of asbestos fiber on the filter paper and suck dry. Next 
place a small watch glass on the asbestos mat, raising one edge by placing 
a short length of glass rod under it. 

t ■ ' ' ■ ' . ' . ' 

j 1 Fitch, H. W. Quantitative determination of sulphur fungicides^ on foliage. Phy- 

I topath. 15: 351-354. 1925. 


t 
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The acid solution may now be filtered readily, pouring it on the watch 
glass in order not to disturb the asbestos mat. Wash well with three 75-ee. 
portions of distilled water. 

Now neutralize the caustic soda until the solution is only faintly acid to 
methyl red, and determine barium sulfate in the usual way. When filtering 
the barium sulfate precipitate, test wash water with silver nitrate until free 
from chlorides. 

Note : All re-agents, especially the sodium peroxide, must be free from 
sulfates. 

For larger quantities of leaves, the same procedure is employed, increas- 
ing the quantities of re-agents used accordingly. 

Scientific Horticultural Dept.^ 

Niagara Sprayer Company, 

V Grand Rapids, Mich. 


PHYTOPATHOLOGICAL NOTES 

The Sylloge Fungorum vol. 23. — The twenty -third volume of Saccardo’s 
invaluable Sylloge Fungorum, issued by Dr. Alex. Trotter, treats of the 
Basidiomycetes and contains also, besides two pages of necrology and the 
announcement that volumes 24 and 25 are forthcoming, a brief tribute to 
Saceardo and a bibliography of his writings numbering 238 titles. 

To the Plymnomycetes are given 583 pages; to the Gastromycetes 23 
pages, to the Ustilaginaceae 27 pages, and to the Uredinales 317 pages. 

Some conception of the records given may be gleaned from the fact that 
82 numbers are given to TJromyces, 331 to Puccinia, 36 to Bavenelia, 43 to 
TJstilago, 108 to Polypoms^ and 66 to Clitocyhe. The mode of treatment 
is that of earlier volumes of the Sylloge. — P. L. Stevens. 

Glomerella cmgiilata. — In a recent article (Mix, A. J., Anthracnose of 
European privet. Phytopath. 15: 261-272. 1925), the name of the fun- 
gus causing privet anthracnose was given as Glomerella cingulata (Atk.) 
Spaulding and von Schrenk. This should have been : Glomerella cingulata 
(Stoneman) Spaulding and von Schrenk. — ^A. J. Mix. 
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A COMPAEATIVE STUDY OP THE MOSAIC DISEASES OP 
CUCUMBBE, TOMATO, AND PHYSALIS 

M. N, Walkeri 
INTRODUCTION 

The results o£ cross-inoculation experiments with the mosaic diseases 
occurring on various plants have shown that many of these diseases affect 
a wide range of hosts. The work of Doolittle (11, 12) and of Elmer (15) 
has shown that the mosaic occurring on a given host may be transmitted to 
plants of widely separated families and would seem to indicate that a num- 
ber of mosaic diseases may have the same causal agency. At the same time, 
dagger (17) , working on the mosaic disease of cucumber, has described what 
he believes to be two distinct mosaic diseases of this host. Allard (3) states 
that there are at least two distinct mosaic diseases in the genus Nicotiana, 
and Schultz and Polsom (19) have described and named seven different virus 
diseases in the genus Solanum. We have, therefore, two lines of evidence, 
one indicating an extended host range for individual mosaic diseases, and 
the other indicating the existence of a number of distiifct types of mosaics 
on a single host species. Prom the latter possibility the question arises as 
to whether, for instance, we may consider the mosaic disease on cucumbers 
infected from mosaic milkweeds as cucumber mosaic, or as milkweed mosaic 
on the cucumber. If we follow the latter system, the whole field of mosaic 
investigations becomes tremendously complicated, since it is obviously im- 
possible to determine the original source of a single mosaic disease. 

Where the symptoms resulting from successful cross-inoculations are 
identical, it appears easier to accept the theory of a single mosaic disease 
which is capable of infecting a large number of hosts than that of a number 
of distinct mosaic diseases each with the same extended host range. Prom 
the accumulated evidence of successful cross-inoculations, the number of 
distinct mosaic diseases would seem to be less than is sometimes stated or 

1 Presented in partial fulfillment of the requirements for the degree of Ph.D. at the 
University of Wisconsin. The writer is indebted to Ur. L. B. Jones, of the Department 
of Plant Pathology, of the University of Wisconsin, and to Dr. S. P. Doolittle, of the 
Bureau of Plant Industry, at whose suggestion the problem was undertaken, for advice 
and suggestion during the course of the work. 
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implied, but in some cases this evidence alone seems hardly sufficient to 
fully establish a single causal agency for the mosaics occurring on the vari- 
ous hosts. 

A comparison of the results of experiments by Allard and other workers 
on the properties of the virus of tobacco mosaic with those obtained by 
Doolittle in work on the virus of cucumber mosaic shows a decided differ- 
ence in the reactions of these viruses to certain vital tests. These tests seem 
conclusive in showing two distinct causal principles for the two diseases. 
Doolittle (12), however, has shown that, by using the pepper as an inter- 
mediate or bridging host, it is possible to make successful cross-inoculations 
from tobacco to cucumber and vice versa; Elmer (15) reports direct infec- 
tion of tobacco with cucumber mosaic. These facts suggested that a com- 
parative study of these apparently differing viruses, in connection with 
cross-inoculation studies, might prove of value in interpreting the results 
of the cross-inoculations mentioned. Two possibilities arose: first, that, 
were the differences in the viruses of the two diseases actual, the virus in 
the juices of plants of one species infected from plants of another species 
would show the properties of the virus of the infecting host. That is, should 
cucumber plants be inoculated from mosaic tobacco plants, the properties 
of the extract from these mosaic cucumber plants would be the same as those 
of the extract from mosaic tobacco plants, and would indicate that the dis- 
eases of the two hosts were distinct and caused by different agencies. Sec- 
ondly, that, were the differences only apparent and dependent on the envi- 
ronments within the different hosts, such changes would occur in the virus 
of one host, when transferred to another, as to make it appear identical with 
the virus of the second host. In such a case, the extract from cucumber 
plants inoculated from mosaic tobacco would react in the same manner to 
different tests as the extract from cucumber plants infected from other 
mosaic cucumbers. In either case it appeared that the results of such tests 
would give more definite evidence as to the identity or dissimilarity of the 
two diseases. Eepresentative mosaic hosts from the Cucurbitaceae and the 
Solanaceae, together with a suitable intermediate host, were selected for this 
work. Since the mosaic disease of tomato is apparently identical with to- 
bacco mosaic, and because the properties of the virus of tomato have been 
little studied, this plant was used as the representative of the Solanaceae. 
In recent work by the writer (20), the cultivated ground cherry {PJiysalis 
puiescens) has been shown to be an intermediate host in cross-inoculations 
from the tomato to the cucumber; it was, therefore, chosen as the inter- 
mediate host. The cucumber was used as the third host plant. It was 
planned to determine first the reactions of the infective principle of the 
mosaic disease of each of these hosts to certain tests, and then to determine 
the changes that might occur in the virus from one host inoculated with the 
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virus of another plant. The difficulty lay in deciding on what might be 
taken as the typical virus of any one plant, since, on account of the general 
transmissibility of many of the mosaic diseases, it is impossible to know 
positively the original source of infection of a single mosaic disease. The 
disease on tomato, for instance, might have originally come from tobacco, 
or any other solanaceous host ; consequently the infective principle in the 
extracted juices of a mosaic plant cannot be called the virus of the disease 
of that plant in the sense that it is specific for that particular host. Specific 
in this sense is more or less inaccurate, for apparently all mosaic diseases 
may be inoculated to hosts other than that on which the disease occurs, but 
the term is used here to denote a virus that might be considered typical or 
usual on a single species of host. As a means of obviating this difficulty, 
it was assumed that plants naturally infected with mosaic would be as nearly 
typical as any that might be obtained ; and, following this assumption, stocks 
of mosaic plants of the species used in the experiments were obtained by 
inoculations from naturally infected tomatoes, ground cherries, and cucum- 
bers ; and all the extracts used in the work came from these stocks. It seemed 
best for the sake of accuracy to avoid as far as possible the use of the term 
virus, which has often been used for the expressed juices of mosaic plants, 
and to substitute the term extract, which can be qualified by stating the 
immediate source of infection on the plants from which the extract is taken. 
The use of some such general term was especially necessary in the ease of 
extracts from plants of the same species inoculated from two or more dif- 
ferent sources. For example, it is obvious that the extracts from tomato 
plants infected from tomatoes and from ground cherries could not both be 
called the virus of tomato mosaic ; the latter would have to be called the 
virus of ground cherry mosaic extracted from tomatoes. The term virus, 
therefore, is only used in the general sense of the infective principle or 
causal agent, and in quotations from other workers. 

For the purposes of comparison, tests were made with the extracts from 
different host plants to determine: (a) the longevity of the infective agent ; 
(b) its resistance to drying; (c) its resistance to heat; (d) its resistance to 
the higher percentages of alcohol; (e) its resistance to dilution; and (f) 
its ability to pass through the finer-pored filters. Various things interfered 
to prevent the completion of the work in the desired detail, and after some 
preliminary experiments the last three points were found to give results so 
nearly identical in the case of the juices of all three hosts that they were of 
little value as bases of comparison; consequently they were not followed as 
closely throughout the work as in the beginning. 

Since the tests selected were primarily to furnish comparisons rather 
than to determine the exact properties of the virus in the different extracts, 
the absolute properties have in no case been accurately determined. When 
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one extract, for instance, showed a decided difference from another, that was 
considered sufficient for the present purposes, and no attempt was made to 
follow the tests to their exact endpoints. In the light of results set forth 
in the succeeding pages, it is a question whether such properties are of great 
value in determining the fundamental nature of the infective entity of the 
mosaic diseases, for it is shown that it is possible to change radically the 
properties of a particular virus by transferring it to another host. Thus, 
such tests represent only the reaction of the virus when combined with the 
extracted juices of a particular host and are not necessarily indicative of 
the fundamental nature of the infective principle. 

REVIEW OF STUDIES ON THE PROPERTIES OF THE INFECTIVE PRINCIPLE IN THE 
EXTRACT FROM MOSAIC TOBACCO PLANTS 

The work that has been done on the properties of the infective principle 
in the extracted juices of mosaic tobacco plants represents the greater part 
of the virus studies that have been made with the mosaic diseases. They 
have served, therefore, as a source of suggestion in outlining comparative 
tests for the diseases studied here. For this reason it seemed best to review 
the work on the virus of tobacco mosaic and to make incidental comparison 
of this virus with those specifically studied here. The literature cited in- 
cludes only those papers that have direct bearing on this phase of mosaic 
disease investigations. The most thorough and extensive work with the 
tobacco virus has been done by Allard, and his work is the basis of the 
major portion of the summary of the properties of the tobacco virus. The 
work of other men is cited under individual headings of the summary when 
their results have helped to determine the particular property there men- 
tioned. 

Resistance to ageing. The virus of the mosaic disease of tobacco has 
been found by all workers (1, 4, 5, 8, 9) to remain infective for a consid- 
erable period of time after extraction from the plant. Both with and with- 
out preservatives the extract from mosaic tobacco plants has been shown to 
remain infective for as long as three years. 

Resistance to drying. Several workers (1, 4, 5, 8, 9) have noted the 
resistance of the virus of tobacco mosaic to prolonged periods of drying at 
air temperatures. Both air-dried leaves and the residue from evaporation of 
the extracted juice have proved infective when taken up in water and in- 
oculated into young plants two years later. 

Thermal death point, A considerable range of temperatures has been 
suggested by different writers (1, 4, 5, 8, 9, 14) in naming a thermal death 
point for the virus of tobacco mosaic. No two men have used the same time 
for treating the virus at a given temperature, and this fact makes the selec- 
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tion of a thermal death point difficult. The range of temperature is from 
80° to 100° C., and it has been found that the tobacco virus from different 
sources varies somewhat in resistance to heat. The most probable thermal 
death point seems to lie between 85° and 90° C. for a 10 minute period, 
corresponding to the time used for heat treatment in the present work. 

Resistance to treatment with alcohol. In the determination of the re- 
sistance of the tobacco virus to different percentages of alcohol, the time 
element makes definite statements difficult. Allard (4) has shown the virus 
to be capable of withstanding percentages of alcohol up to 50 per cent for 
several days ; higher percentages rendered the virus inert in varying lengths 
of time. In any case, the virus shows a striking resistance to percentages 
of alcohol which are fatal to bacteria in the vegetative state; and, even with 
the higher percentages, some time is necessary to effect an attenuation of 
the virus. 

The effect of dilution. Allard (2) has shown that dilution of the virus 
of tobacco mosaic at the rate of one part to one thousand parts of water does 
not attenuate the virus ; although higher dilutions reduce its infective power. 

Ability of the infective principle to pass filters. It has been shown by 
several different workers (1, 4, 5, 8, 9, 10, 13) that the virus of tobacco 
mosaic is capable of passing through Berkfeld and Chamberland filters with- 
out losing its infective powers. Certain filters have been found capable of 
retaining the infective particles (parchment shells, layers of agar and pow- 
dered tale), and, by using a graded series of filters, Duggar (13) has esti- 
mated the size of the infective particles of the mosaic disease of tobacco to 
be in the neighborhood of 30 millimicrons. 

STUDIES ON THE PROPERTIES OF THE INFECTIVE PRINCIPLE IN THE EXTRACT 
FROM MOSAIC TOMATO PLANTS 

Little work has been done on the properties of the virus of tomato mosaic, 
only one paper mentioning such work. Westerdijk (22) reports that the 
thermal death point for the virus lies between 50° and 100° C., and that it 
is quite resistant to drying. Since so little work has been done with the 
virus of tomato mosaic, it was necessary to make a study of the virus before 
comparing it with viruses from tomato plants inoculated from different 
sources. The study was limited to the six points selected as bases for com- 
parison. The extracts for all these experiments were taken from mosaic 
plants infected from the same source, a stock of mosaic plants developed 
from tomato plants found naturally infected in the greenhouse, and were 
obtained by first grinding the plants in a food-chopper and then squeezing 
the Juice from the pulp so obtained through a piece of cloth. The variety 
of tomato used in all the present experiments was Bonny Best. When used 
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for iiioeulatioHs the plants were stocky, deep green in color, and averaged 
about six inches in height. 

Resist ance to ageing. It was found that the extract from mosaic tomato 
plants does not lose its infective powder after a considerable period of time. 
In the experiments, extracts were kept for varying lengths of time in small, 
stoppered flasks, with no effort made to prevent fermentation. They were 
then used to inoculate healthy young tomato plants. Inoculations were 
made by inserting the inoculum in two stem incisions, the lower of which 
was usually in the wound made by removing a leaf, and by pricking the 
inoculum into the younger leaves in many places. Inoculations with the 
extract kept 138 days produced infection in a single case. The results of 
this experiment, and others, are shown in table 1. 


TABLE 1. — The resistance to ageing of the infective principle in the extract from 

mosaic tomato plants 


Bate 

inoculated 

1924 

Age of virus in 
days 

No. plants 
inoculated 

No. plants 
diseased 

Bate observed, 
1924 

April 17 

38 

5 

2 

April 28 

April 21 

4 

8 

7 

May 12 

April 23 

6 

8 

6 

May 12 

April 17 

38 

5 

2 

April 28 

July 25 

138 

6 

1 

August 3 


Resistance to drying. The work of Westerdijk (22) on the resistance of 
the tomato virus to drying was sufficient to show a difference from the virus 
of cucumber. Although the work was not extensive, it showed that the virus 
was somewhat resistant to drying, which, were it even in the slightest degree, 
would render it unlike the cucumber virus, which has been shown by Doo- 
little (11) to be unable to withstand drying. 

The work of the writer also shows that the infective principle in the 
extract from mosaic tomato plants is capable of withstanding drying, 
although the limit of this endurance was not determined. It is probable, 
however, that its resistance is the same as that of tobacco, but, as one ex- 
periment showed a resistance of sufficient duration to distinguish it in this 
point from the extract from mosaic cucumber plants, this detail was omitted. 
In this experiment, 3 out of 6, and 2 out of 5 plants became infected when 
inoculated with material dried for 4 and 30 days, respectively. In a series 
of controls in which the fresh juice served as inoculum, 4 out of 5 plants 
became infected. 
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Besisiance to heating. In experiments on the resistance of the viruses 
of the various mosaic diseases to heating, the same method is used as that 
described by Kendrick (18) for thermal death point work. Test tubes con- 
taining 10 ce. of the juices expressed from mosaic plants were suspended in 
water brought to the desired temperature and allowed to remain for 10 
minutes. They w’-ere then removed and immediately suspended in cold 
wmter to cool. The juices then were used to inoculate young plants, using 
the juice heated to the highest temperature first, and so on down the entire 
series to the control inoculations inade with the unheated juice. 

Because of the wide range of temperatures indicated in Westerdijk’s 
paper (22), a more thorough study of this question was undertaken. The 
results in table 2 show that the thermal death point of the tomato virus 
lies wdthin a narrower range than that suggested by Westerdijk. The virus 
became innocuous in all experiments when heated to temperatures between 
85° and 90° C., with the exception of one series in which one plant became 
infected after treatment of the virus at 95° C. 

The inability to find a definite thermal point for the infective principle 
in the extracts from mosaic plants means little when it is considered that 
one is not working with the virus or infective principle alone, but with the 
variable medium of the plant juices as well. The possibility of there being 
decided differences in the infective power of the virus is shown in previous 
experiments by the writer (20, 21), who has^ found an apparent decrease 
in the virulence of the extract from mosaic plants at different times of the 
year. It is impossible to say what part of this may be attributed to changes 
in the actual infective principle, and what part to changes in the composi- 
tion of the plant juices at different times, but in any ease this work indicates 
that it is difficult to determine the definite thermal relationship or any other 
property of something hidden in a fluid extract, the composition of which 
varies with the source and the season. No definite thermal death point can 
be ascertained until the infective entity is isolated from the many other 
substances in the extracts from mosaic plants which apparently exert such 
a marked influence on the behavior of the virus. 

Resistance to treatment with alcohol. In testing the effect of treatment 
with alcohol on the extracts from mosaic plants, small quantities of the ex- 
tracted juices were brought to various percentages of alcohol by the addi- 
tion of absolute alcohol, and allowed to stand for one hour. In all treat- 
ments with alcohol a light flocculent precipitate occurred which was sepa- 
rated from the supernatant liquid by centrifuging. This precipitate then 
was taken up in a small quantity of water and used to inoculate young, 
healthy plants. No inoculations were made with the green supernatant 
alcoholic solution. 
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TABLE 2 . — The effect of temperature on the infective principle in the extract from 

. mosaic tomato plants 


Date 

inoculated, 

1924 


Temperature in 
degrees C. 

(constant for 10 min.) 


Date observed, 
1924 


JSTo. plants 
diseased 


ISfo. plants 
inoculated 


March S 


65 

70 

75 

80 

85 

90 

Unheated extract 
(Control) 

65 


do 

March 3 
do 
do 
do 
do 
do 


do 

March 10 
do 
do 
do 
do 
do 
do 
do 


75 

80 

85 

90 

95 

100 

Unheated extract 
(Control) 

65 

70 

75 

80 

85 

90 

95 

Unheated extract 
(Control) 

65 


do 

March 10 
do 
do 
do 


do 

March 19 
do 
do 
do 
do 
do 
do 


March 21 


95 

100 

Unheated extract 
(Control) 

75 


do 

March 27 
do 
do 
do 
do 


Unheated extract 
(Control) 
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TABLE 3. %he ejfect of alcohol on the infective principle in the extract from mosaic 

tomato plants 


Date 

inoculated, 

1924 

Per cent 
alcohol used 

Time 

No. plants 
inoculated 

Ho. plants 
diseased 

Date 

observed, 

1924 

April 17 

33 

1 hr. 

5 

3 

April 28 

do 

75 . 

do 

5 

4 

do 

do 

80 

do 

5 

1 

do 

do 

85 

do 

5 

2 

do 

do 

95 

do 

5 . ! 

1 

do 

April 25 

so 

do 

8 

8 

May 10 

do 

. .85 

i do 

8 

7 

do 

do 

1 , 90 

do 

9 

8 

do 

do 

1 ■ 95 

I Untreated extract 

do 

8 

8 

do 

do 

i (Control) 

1 

do 

8 

8 

do 


In the experiments of this nature with the expressed juices from mosaic 
tomato plants, it was shown that there is a marked resistance to alcohol of 
the infective principle in these juices. Infection followed inoculation with 
the precipitate from treatment with all percentages of alcohol used up to 
the highest, 95 per cent. The results of inoculations with the precipitate 
from different percentages of alcohol are given in table 3. 

The effect of d/ilution. A few experiments were made with the extract 
from mosaic tomato plants to determine to what extent it might be diluted 


TABLE 4 . — The effect of dilution on the infective principle in the extract from mosaic 

tomato plants 


Date 

inoculated, 

1924 

Dilution 

Ho. plants 
inoculated 

Ho. plants 
diseased 

Date 

observed, 

1924 

April 17 

1:20 

5 

5 

April 28 

do 

1:200 

5 

4 

do 

do 

1:1,000 

5 

0 

do 

do 

1:2,000 

5 

1 

do 

do 

1:20,000 

Undiluted extract 

5 

0 

do 

do 

(Control) 

5 

2 

do 

April 28 

1:100 

8 

7 

May lO 

do 

1:1,000 

8 

4 

do 

do 

1:10,000 

Undiluted extract 

8 

2 

do 

do 

(Control) 

8 

8 

do 
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before becoming attenuate. It was found that the infectiYe power of the 
virus was not reduced greatly until after a thousand parts of water had 
been added. 

Dilution experiments furnished no opportunity for comparing the 
viruses studied in the present work, for all experiments of this sort gave 
approximately the same results. Of the six points used as bases of com- 
parison, this one is probably the most indefinite and is subject to greater 
variation than any of the other points. The results of dilution experiments 
with the extract from mosaic tomatoes appear in table 4. 

Aliliiy of the infective principle to pass filters. It has been impossible 
to contrast the infective principles from various mosaic diseases by the 
sults from filtration experiments, because the results of all tests were so 
nearly alike. The greater portion of the present experiments have been 
made with Berkfeld filters of three grades : coarse, medium, and fine, which 
are lettered Y, N, and W respectively, and which were of the size. 

A few experiments also have been made with Chamberland filters, grades 
F, coarse, and B, fine, but results have been no more conclusive than those 
obtained with Berkfeld filters. The fact that the filtrates from Berkfeld 
filters were all infective, and the fact that the filtrates from Chamberland 
filters gave such low percentages of infection, precluded the use of these 
filters for routine comparisons of the viruses. 

The results of filtrations with the extract from mosaic tomato plants 
show that the infective principle in it is capable of passing through all 
grades of Berkfeld filters with little loss of infective powmr. These results 
are set forth in table 5. 


TABLE 5. The results of inoculating healthy tomato plants with the filtered extract 

from mosaic tomato plants 


Date inoculated 
1924 

Filter used 

No plants 
inoculated 

No. plants 
diseased 

Date observed, 
1924 

March 10 
April 14 
do 
do 

do 

April 16 
do 
do 

do 

Berkfeld W 
do W 

do N 

do V 

IJufiltered extract 
(Control) 
Berkfeld W 
do N 

do V 

Unfiltered extract 
(Control) 

8 

16 

8 

8 

8 

8 

9 

8 

8 

4 

8 

7 

6 

8 

7 

9 

7 

8 

March 24 

April 26 
do 
do 

do 

April 28 
do 
do 

do 
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STUDIES ON THE PROPERTIES OP THE INFECTIVE PRINCIPLE IN THE EXTRACT 
PROM MOSAIC GROUND CHERRY PLANTS 

The preliminary tests with the extracts from mosaic ground cherry 
plants showed a marked similarity to the tests on tomato extract. In some 
cases the results were not so- extensive as those with the tomato, but the 
results indicate that the infective principles of these diseases behave in the 
same manner. 

Reskiance to ageing. The infective properties of the extract from 
mosaic ground cherry plants is apparently little impaired by being held for 
long periods of time without preservatives. The ultimate range of time 
necessary to effect attenuation in the virus has not been determined, but 
it was found infectious by means of inoculations to healthy young ground 
cherry plants after 69 days. Three tests were made in each of which 6 
plants were inoculated with extracts 13, 28, and 69 days old. In each of 
the first two experiments, 4 plants became infected; and in the third, 2. 

Bes^ktance to drying. In a limited number of experiments it was shown 
that the infective principle in the extract from mosaic ground cherry plants 
resists drying to a degree comparable with that of the infective principle in 
the extract from mosaic tomato plants. Two series of experiments have 
shown that the dried extracts remain infectious for at least 23 days. 

Resistance to heating. In experiments in which the extract from mosaic 
ground cherries was heated to different temperatures and then used to inocu- 
late young plants, it was showm that the infective principle, or virus, in the 
extract is capable of withstanding heating to the same degree as the viruses 
of tomato and of tobacco mosaic. The virus remained infective after treat- 
ment for ten minutes at 85° C. but became innocuous a little above this 
temperature. Table 6 presents the results of these experiments. 


TABLE 6 . — The ejfect of diferent temperatures on the infective principle in the extract 
from mosaic ground cherry plants 


Late inoculated 

j Temperature in de- 
j grees 0. (con- 

stant for 10 
min.) 

No. plants 
inoculated 

No. plants 
diseased 

Late observed 

May '22, 1924 

65 

5 

5 

June 1, 1924 

do 

70 

5 

5 

do 

do 

75 

5 

5 

do 

do 

■ 80 

5 

4 

do 

do 

85 

5 

2 

do 

do 

90 

5 

0 

do 

do 

95 

Unheated extract 

5 

0 

do 

do 

(Control) 

5 

5 

do 
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Resistance to treatment with oldphol. Experiineiats with the extract 
from mosaic ground cherries showed that the infective principle in the 
extract behaves in the same manner toward high percentages of alcohol as 
those from mosaic tomato and mosaic tobacco plants. When the virus was 
treated with 95 per cent alcohol for one hour, infection occurred in 3 out 
of 8 inoculated plants and similar results were secured with 50, 60, 70, and 
80 per cent alcohols. 

The effect of dilution. Tests on the relation of the infective principle, 
from mosaic ground cherry plants to dilution show that it remains infective 
in as high dilutions as the viruses of tobacco and tomato mosaic. It was 
found in a single series of inoculations with the dilutions 1 : 10, 1 : 100, 
1 : 1,000, and 1 : 10,000 that 4 out of 5, 2 out of 5, 3 out of 5, and 1 out of 5 
plants, respectively, became infected. In the control inoculations with the 
undiluted extract, 3 out of 5 plants became infected. 

Ability of the infective principle to pass filters. The infective prin- 
ciple in the extract from mosaic ground cherry plants appears to lose little 
of its infective nature after passing through the various grades of Berk- 
feld filters. Inoculations with the filtrate from all grades of Berkfeld 
filters, from coarse to fine, resulted in about the same percentage of infec- 
tion ,* this is shown in table 7. 


TABLE 7 . — Results of inoculating healthy groxmd cherry plants with the filtered 
extract from mosaic ground cherry plants 


Date inocu- 
lated, 1924 

Filter used 

No. plants 
inoculated 

No. plants 
diseased 

Date ob- 
served, 1924 

April 26 

Berkfeld VY 

8 

5 

May 12 

do 

do K 

8 

5 

do 

do 

do V 

8 

6 

do 

May 28 ' 

do W 

5 

2 

June 14 

do 

do N 

5 

2 

do 

do 

do V 

Unfiltered extract 

5 

2 

do 

do 

(Control) 

5 

4 

d^) 


PEOPERTIES OP THE INFECTIVE PRINCIPLE IN THE EXTRACT FROM MOSAIC 

CUCUMBER PLANTS 

The rapid loss of the pathogenicity of the extract from mosaic encum- 
ber plants after the juices are expressed has forced the writer to fall back, 
to a large extent, on other work for positive data concerning the properties 
of the infective principle in the extract. All the experiments conducted 
by the writer with the extract from mosaic cucumber have given unsatis- 
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factory results. Tlie small amount of infection in some experiments, and 
the total lack of infection in others, has allowed only conclusions concern- 
ing the short-lived nature of the virus, which did not permit the handling . 
necessary for the diiferent tests. 

Doolittle (11), to whose paper the writer is indebted for positive data 
on the properties of the infective principle in the extract from mosaic cu- 
cumber, reports a similar difficulty in much of his work with this extract. 

Resistance to ageing. Doolittle reports that: '‘Eepeated tests have 
shown the juices of mosaic plants of cucumber, squash, pumpkin, musk- 
melon, and Micrampelis lohata are never infectious for more than three to 
five days and in most cases lose their virulence within 24 to 48 hours.'' 
Preservatives and low temperatures were found to prolong in no way the 
period of virulence of the infective principle from these plants. 

The results of the writer's experiments, tabulated in table 8, are in 
accord with those of Doolittle's experiments, and show the inability of the 
infective principle in the extract from mosaic cucumbers to withstand 
ageing. 


TABLE 8 , — The resistance to ageing of the infective p7'inciple in the extract from 

mosaic cucmnhers 


Date inocu- 
lated, 1924 

Age of virus 

No. plants 
inoculated 

No. plants 
diseased 

Date ob- 
served, 1924 

July 6 

1 hour (Control) 

8 

2 

July 16 

July 19 

do 

6 

2 

Aug. 1 

July 7 

24 hours 

4 

1 

July 16 

Aug. 2 

do 

6 

0 

Aug. 11 

July 8 

48 hours 

4 

0 

July 16 

Mareli 10 

6 days 

8 

0 

March 19 


Resistance to drying. In the case of experiments on the resistance of 
the virus to drying, Doolittle states that: ^^As the juices of mosaic plants 
rapidly lose their power of infection with age, it would be expected that 
drying would also remove this infective character. This has been the case 
with the tissues of mosaic cucumber plants. " In no case did Doolittle find 
infection to follow inoculation either after drying down the virus at room 
temperatures and then taking it up in water, or after drying down leaves 
and later pulverizing them in water. Eesults of a single experiment by 
the writer also showed that the extract from mosaic cucumber plants will 
not withstand drying for 24 hours. Prom the results in connection with 
Doolittle's work, and the results set forth later, on the effect of drying on 
the extract from cucumber plants infected from different sources, it is 
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evident that the infective principle in the extract from mosaic cncumhers 
is incapable of withstanding drying. Six plants inoculated with the dried 
extract from mosaic cucumbers remained healthy, while two out of six 
other plants inoculated with the fresh extract became infected. 

Resistance to heating. According to Doolittle (11), the expressed 
juices of mosaic cucumber plants lose their power of infection when heated 
above 70° C. The writer’s experiments on the relation of temperature to 
the infective power of the virus of cucumber mosaic were almost entirely 
negative. In three experiments carried on in March, July, and August, 
1924, to determine the effect of temperature on the infective principle in 
the extract from mosaic cucumber plants, the extract was exposed for 10 
minutes to temperatures from 50° to 80° C. in 5° intervals. The treated 
extract was then inoculated into series of 4 to 6 plants, 74 plants in all 
being inoculated. All tests with the heated extract were negative except 
one, in which 1 out of 6 plants inoculated with the extract heated to 75° C. 
became mosaic, but a single infection is of little value as data. In one 
trial the check gave 1 mosaic plant, in another 2, and in a third none. It 
will be noted in the data given that a very small percentage of infection 
followed inoculation with the unheated juice ; the controls and the nega- 
tive data merely furnished an idea as to the rapidity of degeneration of 
the infective principle in cucumber mosaic. 

Resistance to treatment with alcohol. In an endeavor to isolate a pos- 
sible causal enzyme from juice extracted from mosaic cucumber plants, 
Doolittle treated the extracted juices with different percentages of alcohol. 
The time of treatment is not mentioned, but in no case was infection ob- 
tained when the alcohol precipitates were taken up with water and used 
to inoculate young cucumber plants. Of this work Doolittle says, ^^A few 
attempts were made to isolate a possible causal enzyme from the juices 
of mosaic cucumber plants. The fact that the juices of such plants usually 
lose their power of infection within 24 to 48 hours has proved an almost 
insurmountable obstacle in such work.” 

The writer, in a single series of experiments, obtained no infection 
following treatment of the extract from mosaic cucumber plants with dif- 
ferent strengths of alcohol, but inasmuch as no infection appeared in the 
controls it is probable that the killing occurred because of the time taken 
for the treatment, and the results may again be interpreted only to show 
the short-lived nature of the virus. 

The effect of dilution. Doolittle (11), in speaking of dilution experi- 
ments with cucumber virus, says, ''These experiments show that dilutions 
of 1 : 1,000 are as potent as undiluted solutions, but while infections may 
result from those of 1 : 10,000 they have never taken place at higher 
dilutions.” 
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Inoculations made with dilutions of the extract from mosaic cucumber 
plants gave no infection in the experiments of the writer. The control 
inoculations in all experiments were made following the other inoculations 
in order to eliminate the possibility of confusion in the results arising 
from the difference in time of extraction of the juices and the inoculations, 
for should infection result in the controls it could be surmised that the time 
of treatment for the remaining part of the experiment was not the factor 
responsible for any diminution in percentage of infected plants. In these 
experiments controls were made before and after the dilutions were made, 
but no infection was obtained in any of the plants. The absence of infec- 
tion, even in the controls made a half hour after extraction, cannot be defi- 
nitely explained, for there can be no doubt as to the plants from which the 
extract was taken being affected with mosaic. 

Ability of the infective principle to pass filters. Doolittle found little 
loss in the infective nature of the extract from mosaic cucumber plants 
after passage through Berkfeld filters. He found, also, that all types of 
Chamberland filters are capable of retaining the infective entity of cucum- 
ber mosaic. In only 4 cases out of 60 inoculations was the filtrate from 
Berkfeld filters found infective to young cucumber plants. Since the in- 
fection occurred following inoculation with the filtrate from the finest grade 
of Berkfeld, W., it is safe to infer that the virus is filtrable through the 
coarser grades of Berkfeld, N. and V. A few inoculations with filtrates 
from Chamberland filters gave no infection. Since a low percentage of in- 
fections resulted in these experiments in the control inoculations made with 
extract kept for approximately the same length of time required for filtra- 
tion, it is probable that the time factor was more important in destroying 
the inf ectiousness of the extracts than the filtration. 

PRO:^ERTIES OF THE INFECTIVE PRINCIPLE IN THE EXTRACTS FROM 
CROSS-INOCULATED PLANTS 

The infective principles in the extracts from mosaic tobacco, tomato, and 
ground cherry plants have been shown in the preceding pages to react in an 
almost identical manner in their ability to successfully withstand certain 
vital tests. It is also shown that the infective entity in the extract from 
mosaic cucumber plants is incapable of withstanding the same tests in a 
comparable degree. 

On account of the similarities of the reactions of the tomato and ground 
cherry extracts it was not thought possible to discern changes in the prop- 
erties of the extract from one of these plants when inoculated with the ex- 
tract of the other. For instance, in the case of the thermal death point, 
which was shown for both the extract from mosaic tomatoes and from 
mosaic ground cherries to be in the neighborhood of 85'' C., it will be seen 
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that the possibility of a discernible change was less than in the same test 
on the extracts from mosaic gronnd cherries and from mosaic cncnmberSj 
where there is a difference of C. Consequently the chief comparisons 
were made with the extracts obtained from cross-inoculations between cu- 
cumber and ground cherry. The extracts of these two hosts appeared very 
unlike in resistance to tests on ageing and drying, and the cross-inoculations 
between cucumber and ground cherry more readily were made than those 
between cucumber and tomato, since the latter crosses requii^ed an inter- 
mediate host. After some preliminary work it was found that certain of 
the tests listed in the introduction did not offer such good opportunities 
for comparing viruses from different plants ; consequently they were either 
slighted or dropped. The tests on ageing, drying, and heating offered the 
best possibilities of contrast, and, since the work was outlined with the idea 
of obtaining comparisons rather than determining the exact properties of 
individual viruses, these points have been emphasized. 

PROPERTIES OF THE INFECTIVE PRINCIPLE IN THE EXTRACT FROM TOMATO 
PLANTS INOCULATED WITH THE EXTRACT FROM MOSAIC GROUND 
CHERRY PLANTS 

Resistance to ageing. Experiments were made with the extract from 
tomato plants infected from mosaic ground cherry plants to determine the 
resistance of the virus therein to ageing. It was found that infection oc- 
curred following inoculation of young tomato plants with the virus 40 days 
after extraction. This period is not as long as those used in the tests on the 
infective principles taken as typical for tomato and ground cherry mosaic, 
but indicates that the viruses, or infective principles, in these two hosts be- 
have in the same manner. In tests with extracts 1, 2, 8, 14, and 40 days 
old, in which 6 plants were inoculated with each extract, 6, 6j 3, 1, and 2 
cases of infection resulted, respectively. 

Resistance to drying. The results of a single series of inoculations show 
that the resistance to drying of the infective principle in the extract from 
mosaic tomatoes infected with the extract from mosaic ground cherry plants 
is similar to that of the infective principle in the extract from mosaic to- 
matoes infected with the extract from tomatoes. In this experiment 4 lots 
of 6 plants each were inoculated with extracts dried for 1, 2, 8, and 14 days ; 
6, 6, 3, and 2 infections resulted, respectively. 

Resistance to heating. Effects of different temperatures on the extract 
from tomato plants inoculated with the extract from mosaic ground cherry 
plants are apparently identical with those on the extract from mosaic to- 
mato plants or from mosaic ground cherry plants inoculated with the ex- 
tract from plants of their own kind as the results in table 9 show. In all 
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cases the infective principle of the mosaic disease of such cross-inocnlated 
plants is rendered inert between 85° and 95° C. 


TABLE 9 . — The effect of temperaty/re on the infective principle in the extract from 
mosaic tomato inoculated with the extract from mosaic 

ground cherry plants 


Bate inocu- 
lated, 1924 

Temperature in 
degrees C. 

(constant for 10 min.) 

ISTo. plants 
inoculated 

No. plants 
diseased 

Bate ob- 
served, 1924 

July 18 

70 

6 

5 

July 29 

do 

75 

6 

5 

do 

do 

SO 

6 

6 

do 

do 

85 

7 

5 

do 

do 

90 

6 

2 

do 

do 

95 

Unlieated extract 

6 

0 

do 

do 

(Control) 

6 

i ^ 

do 


Resistance to treatment with alcohol. The higher percentages of alcohol 
have no more effect on the infective principle in the extract from tomato 
plants infected with the extract from mosaic ground cherry plants than on 
the infective principle in the extract from tomatoes infected from other 
tomato plants, or that contained in the extract from ground cherry plants 
inocnlated from mosaic ground cherries. In this experiment 4 lots of 6 
plants each were inoculated with extracts treated for one hour with 70, 
80, 90, and 95 per cent alcohol ; 5, 5, 5, and 4 plants, respectively, became 
infected. All 12 controls inoculated with the untreated extract became 
infected. 

The effect of dilution. The infective principle from tomato plants in- 
oculated with the extract from mosaic ground cherry reacts to dilution in 
the same manner as that taken as typical for tomato, and as that taken from 
mosaic ground cherries. In a single experiment, inoculations with dilutions 
of 1 : 10, 1 : 100, 1 : 1,000, and 1 : 10,000 gave 5 out of 6, 5 out of 6, 3 out of 
6, and 0 out of 6 infections, respectively. Twelve control plants inoculated 
with the undiluted extract became infected. 

Ability of the infective principle to pass filters. Filtration experiments 
with the extract from tomato plants inoculated with extract from mosaic 
ground cherry plants, the results of which appear in table 10, show that the 
infective entity is capable of passing Berkfeld V and Chamberland F and 
B filters. The fact that infective filtrates were obtained from both Ghamber- 
land filters leads the writer to the assumption that the infective principle 
also passes the Berkfeld W filter, because this is coarser than the Chamber- 
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land B filter. Data on this point, however, could not be obtained at the 
time. 


TABLE 10.~JResuUs of inoculatmg healthy tomato plants with the filtered extract from 
tomato plants inoculated with the extract from 7msaic ground cherry pla7its 


Date inocu- 
lated, 1924 

Filter used 

No. plants 
inoculated 

No. plants 
diseased 

Date ob- 
served, 1924 

July 17 

Berkfeld W 

6 

0 

July 29 

do 

do V 

6 

6 

do 

do 

ChamRerland B 

6 

3 1 

do 

do 

do F 

Unaltered extract 

6 

■ 1 ! 

do 

do 

(Control) 

12 

12 ‘ 

do' 


PROPERTIES OF THE INFECTIVE PRINCIPLE IN THE EXTRACT FROM GROUND 
CHERRY PLANTS INOCULATED WITH THE EXTRACT PROM MOSAIC 
TOMATO PLANTS 

Resistance to ageing. The extract from ground cherry plants infected 
with the extract from mosaic tomato plants shows a similarity to the typical 
virus of tomato and of ground cherry mosaic in its ability to retain its 
power of infecting young ground cherry plants a considerable time after 
extraction. After 84 days infection was obtained from inoculation with an 
unpreserved extract. Three lots of six plants each were inoculated with ex- 
tracts 70, 75, and 84 days old, and 0, 3, and 2 infections resulted, respec- 
tively. 

Resistance to drying. No experiments were made on the ability of the 
infective principle in the juice of mosaic ground cherry plants inoculated 
with the extract from mosaic tomato plants to withstand drying, on account 
of the fact that the similarity of the viruses of the two plants rendered a 
difference improbable, especially in view of the results from other tests on 
this extract; namely, age, resistance to alcohol, and relation to filters. 

Resistance to heating. No thermal death point experiments were made 
with the extract from ground cherry plants inoculated with the extract 
from mosaic tomato plants since there is no difference in the virus of the 
two hosts and it was thought likely that there would not be sufacient change 
to make comparisons possible. 

Resistance to treatment with alcohol. The infective entity in the juice 
of ground cherry plants inoculated with the extract from mosaic tomato 
plants is as resistant to high percentages of alcohol as the juice of ground 
cherry or tomato plants infected with the extract from mosaic plants of 
their own kind. In two series of six plants each, inoculated with the ex- 
tract treated with 90 and 95 per cent alcohol for one hour, 2 plants in each 
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series became mosaic. Three of the 6 control plants inocnlated with the 
untreated extract also became mosaic. 

Effect of dihitio7i. No dilution experiments were made with the juice 
of ground cherry plants inoculated with the extract from i mosaic tomato 
plants, since it was not thought likely that there would be a sufficient differ- 
ence in this respect from the extract from tomato and ground cherry plants 
inoculated with the extract from mosaic plants of their own kind to make a 
comparison possible. 

Ability of the infective principle to pass filters. Filtration of the juice 
of mosaic ground cherry plants inoculated with the extract from mosaic 
tomato plants showed the infective particles capable of passing Berkfeld 
(grades W. N. and V) and Chamberland (grades F and B) filters. Table 
11 shows the results of inoculations made with the filtrate from these dif- 
ferent filters. 


TABLE 11. — BesulU of inomilating healthy ground cherry giants with the filtered extract 
from ground cherry giants inoculated with the extract from mosaic tomato giants 


Date inocu- 
lated, 1924 

Filter used 

No. plants 
inoculated 

No. plants 
diseased 

Date ob- 
served, 1924 

May 22 

Berkfeld W 

4 

4 

June 1 

do 

do N 

5 

5 

do 

do 

do y 

6 

5 

do 

do 

Unfiltered extract 
(Control) 

5 

4 

do 

July 4 

Berkfeld W 

6 

4 

July 14 

do 

Chamberland B 

6 

5 

do 

do 

do F 

6 

5 

do 

do 

Unfiltered extract 
(Control) 

6 

5 

do 


PROPERTIES OP THE INFECTIVE PRINCIPLE IN THE EXTRACT FROM GROUND 
CHERRY PLANTS INOCULATED WITH THE EXTRACT FROM MOSAIC 
CUCUMBER PLANTS 

The differences in the reactions of the extract from mosaic ground 
cherry and that from mosaic cucumber plants, and the ease with which the 
disease on one of these hosts might be transmitted to the other, offered 
better possibilities of comparison than in the ease of any of the other cross- 
inoculations. The most striking results in experiments on the properties of 
the extracts from cross-inoculated plants are from the cucumber-ground 
cherry crosses, and the tests on ageing, drying, and heating. The other 
tests with alcohol, dilution, and filtration relationships have appeared so 
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nearly tlie same in all eases that nothing could be learned from comparisons 
of the results of tests on these points. 

Resistance to ageing. Since the virus of cucumber mosaic becomes in- 
nocuous within a few hours after extraction, it would appear that the virus 
from ground cherry plants infected with the extract from mosaic cucumber 
plants would react in the same manner. This is not the ease, however, for, 
as shown in table 12, the extract from ground cherry plants infected with 
the extract from mosaic cucumber proved infective after 29 days. Prom 
the work of Doolittle, a week exceeds the longest limit the virus of cucum- 
ber mosaic remains infective ; in the present work 24 hours has been the 
longest period over which the juices of mosaic cucumber plants retained 
their power of infection. This fact indicates that the so-called virus of 
cucumber mosaic readily can acquire the property of the ground cherry 
virus of withstanding prolonged periods of ageing. 


TABLE 12. — The resistance to ageing of the infective principle in the extract from 
mosaic gromvd cherry plants inocnlated mth the extract 
from mosaic cucumher plants 


Date inocu- 
lated, 1924 

Age of yirus 

ISTo. plants 
inoculated 

No. plants 
diseased 

Date ob- 
served, 1924 

Aug. 25 

1 hour (Control) 

6 

2 

Sept. 20 

Aug. 5 

24 hours 

6 

3 

Aug. 23 

Aug. . 26 

do 

6 

3 

Sept. 20 

Aug. 7 

48 hours 

6 

2 

Aug. 23 

Aug. 26 

do 

6 

4 

Sept. 20 

Aug. 30 

5 days 

6 

3 

Sept. 20 

Aug. 12 

7 do 

6 

3 

Aug. 25 

Sept. 3 

9 do 

6 

1 

Sept. 20 

Aug. 25 

20 do 

■ 6 ■ 

1 

Sept. 20 

Sept. 3 

29 do 

6 

2 

Sept, 26 


Resistance to drying. Although the infective principle in the extract 
from mosaic cucumber plants is absolutely incapable of vnthstanding dry- 
ing in any, degree, the extract from ground cherry plants inoculated with 
the extract from mosaic cueumber plants showed no such susceptibility to 
drying. After 29 days drying, this extract was still infectious. The re- 
sults of these experimeints, set forth in table 13, show that the^ infective 
principle of cucumber mosaic may be radically changed in its resistance to 
drying by transfer to the ground cherry. 
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TABLE 13. — The effect of drying on the infective principle in the extract from gronmd 
cherry plants inoculated with the extract from mosadc cucimher plants 


Bate inocu- 
lated, 1924 

Length of drying 
period 

No. plants 
inoculated 

No. plants 
diseased 

Date ob- 
served, 1924 

Aug. 0 

Fresh extract 
(Control)’ 

6 

2 

Aug. 23 

Aug. 6 

24 hours 

6 

2 , 

Aug. 23 

Aug. 26 

24 do 

6 

2 

Sept. 20 

Aug. 7 

48 do 

6 

1 

Aug. 23 

Aug. 26 

48 do 

6 

3 

Sept. 20 

Aug. 30 

5 days 

6 

1 

Sept. 20 

Aug. 12 

7 do 

6 

3 

Aug. 25 

Sept. 3 

9 do 

6 

3 

Sept. 26 

Aug. 25 

20 do 

6 

2 

Sept. 20 

Sept. 3 

29 do 

6 

3 

Sept. 20 


Besistance io heating. Whereas the extract from mosaic cucumber plants 
is incapable of withstanding temperatures higher than 70° C., the same virus 
when transferred to ground cherry plants becomes capable of withstanding 
temperatures between 85° and 90° C. Three lots of 6 plants each’, were 
inoculated with extract treated for 10 minutes at 70°, 80°, and 90° C. ; 2, 1, 
and 1 plants, respectively, became infected. Two of 6 control plants inocu- 
lated with untreated juice became diseased. 

Resistance to treatment with alcohol. No experiments were made on 
the resistance of the infective principle in the sap of ground cherry plants 
infected with the extract from mosaic cucumber plants to treatment with 
different percentages of alcohol.' The difficulty of discerning comparable 
differences in the reactions of the various viruses by means of this test has 
made experiments with it of doubtful value. 

The effect of dilution. Dilutions of the sap of mosaic ground cherry 
plants inoculated with the extract from mosaic cucumber plants gave re- 
sults practically identical with those obtained from dilutiohs of the viruses 
from other sources, and further show the diflieulty of satisfactory compari- 
sons of different viruses by this method. A dilution of 1 : 1,000 was found 
to be the highest dilution possible without reducing the infective powers of 
the extract. The results of the inoculations with dilutions of 1:10, 1:100, 
1 : 1,000, and 1 : 10,000 in four lots of six plants each were 3, 1, 2, and 0 in- 
fections, respectively. Four of 6 control plants inoculated with the un- 
diluted extract became mosaic. 
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PROPERTIES OF THE INFECTIVE PRINCIPLE IN THE EXTRACT FROM CUCUMBER 
PLANTS INOCULATED WITH THE EXTRACT FROM MOSAIC GROUND 
CI-IERRY PLx\NTS 

A lack of time, together with the indications that the difficulty of working 
with a encumber extract might be repeated in these experiments, led tO' the 
omission of several of the tests used with the other extracts. This seemed 
especially probable after it was found that the extracts from cross-inocu- 
lated cucumber plants showed no greater resistance to ageing and dr^dng 
than those from cases of ordinary cucumber mosaic. 

Resistance to ageing. The fact that the virus from mosaic ground cherry 
plants is capable of remaining infective for considerable periods of time 
after extraction does not render the exti^act from cucumber plants inocu- 
lated with the extract from mosaic ground cherry plants any more capable 
of withstanding ageing than the extract from cucumber plants infected 
with mosaic from any other source. This is shown in an experiment in 
which 3 lots of 6 young cucumber plants each were inoculated with extracts 
1, 2, and 14 days old. No infections occurred following inoculation with 
either the 1- or 14-day-old extract, but one infection occurred following in- 
oculation with the 2-day-old extract, a period well within the maximum age 
limit of cucumber virus as determined by Doolittle. A series of 10 control 
plants inoculated with extract 2 hours old showed only two eases of infec- 
tion. This would indicate that even 2 hours' exposure attenuated the in- 
fectious nature of the virus. 

Resistance to drying. Drying experiments with the extract from cucum- 
ber plants infected with the extract from mosaic ground cherry plants have 
shown that the ability of the ground cherry virus to remain infective after 
drying cannot be transmitted to the cucumber. In an experiment bearing 
on this point no infection occurred in any of the plants inoculated in lots 
of six with the extracts which had been dried for 1, 2, and 14 days. Two 
out of ten controls inoculated with the fresh extract became mosaic. 

PROPERTIES OF THE INFECTIVE PRINCIPLE IN THE EXTRACT FROM MOSAIC 
CUCUMBER PLANTS INOCULATED WITH THE EXTRACT FROM MOSAIC 
TOMATO PLANTS BY MEANS OF GROUND CHERRY PLANTS 
AS INTERMEDIATE HOSTS 

It is possible that the results of these experiments can be interpreted 
merely as additional experiments with the juice of mosaic cucumber plants 
infected with the extract from mosaic ground cherry plants, but, should 
the original hypothesis of a specificity of the virus be adhered to, we have 
in these experiments been dealing with cucumber plants infected with tomato 
mosaic, even though the tomato virus first passed through the ground cherry. 
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The explanation given nnder the preceding section may be repeated 
here with the addition of a statement of the difficulty in making inocula- 
tions on a scale large enough for juice extraction, after passing the virus 
through an intermediate host plant. This was a time consuming task, and, 
since the extracts showed the same reactions to ageing and drying as those 
of typical mosaic of cucumber, the work was limited to these two tests. 

Resistance io ageing. Although the viruses of both tomato and ground 
cherry mosaic are long-lived, the extract from cucumber plants inoculated 
with the extract from mosaic tomato plants by using ground cherry plants 
as intermediate hosts did not show a similar property. In four tests, in each 
of which 6 plants wei^e inoculated with extract 1, 2, 6, and 14 days old, no 
infection was secured, although the 8 check plants inoculated with 1-hour-old 
extract gave 3 mosaic plants. 

Resistance to drying. It was found that the infective entity in the 
juice of mosaic cucumber plants inoculated with tomato mosaic by using 
ground cherry plants as intermediate hosts was no more resistant to drying 
than the juice of cucumber plants either naturally infected or inoculated 
with the extract from mosaic cucumber plants. This is shown by the fact 
that in four tests, in each of which 6 plants (in one case 7) were inoculated 
with extract after 1, 2, 6, and 14 days^ drying no infection was secured, 
although 3 of the 8 control plants inoculated with 1-hour-old extract became 
mosaic. 

GENERAL DISCUSSION 

The results of the present work have shown that the infective agencies 
in the juices of mosaic tomato and ground cherry plants behave in prac- 
tically the same manner and are also apparently identical in character with 
the virus of tobacco mosaic in respect to ageing, drying, heat, dilution, 
treatment with alcohol, and filtration. The expressed juices of all these 
hosts are extremely resistant to such treatments and are in marked contrast 
to the extracts from mosaic cucumber plants in which the virus rapidly loses 
its infective power after extraction. , A summary of the results of tests on 
the various viruses is given in table 14. 

It is also known, however, that tomato mosaic may be transmitted to cu- 
cumber by means of the ground cherry as an intermediate host and that 
cucumber mosaic may be transmitted to tomato in the same manner. Since 
the symptoms produced by such inoculations seemed the same as those 
associated with what are considered the typical mosaics of the respective 
hosts, it seemed possible that the causal agencies of tomato and cucumber 
mosaic might be the same. 

Such an interpretation of the results of these cross-inoculations, how- 
ever, is open to the objection that the expressed juices of tomatoes and 
cucumbers show radically different properties, and on this basis it might 
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TABLE 14 . — Suminary of experiments showing the effects of various treatments on 
the infectivity of mosaic viruses from different sources 


Infectious after 


Vims or extract 

Ageing 

Drying 

Heating 

Diluting 

Treatment 

with 

alcohol 

Filtration 

Tobacco 

3 yrs. 

2 yrs. 

85°-90° 0, 

1:1,000 

% hr. in 80 
per cent 

Passes Berkfeld 
and 

Ghamberland 

Tomato 

138 days 

30 days 

85°-90° 0. 

1:1,000 

1 hr. in 95 
per cent 

Passes Berkfeld 

Groimd cherry 

69 days 

23 days 

85°-90° C. 

1:1,000 

1 hr, in 95 
per cent 

Passes Berkfeld 

Cucumber 

24-48 hrs. 

Less than 
24 hrs. 

70° C. 

1:1,000 

Negative 

Passes Berkfeld 

Tomato inoculated 
from ground 
cherry 

40 days 

14 days 

85“-90'> 0. 

1:1,000 

1 hr. in 95 * 
per cent 

Passes Berkfeld 
and 

Ghamberland 

Ground cherry in- 
oculated from to- 
mato 

84 days 

K'o test 

No test 

No test 

1 hr. in 95 
per cent 

Passes Berkfeld 
and 

Ghamberland 

Ground cherry in- 
oculated from 
cucumber 

29 days 

29 days 

85°-90° C.' 

1:1,000 

No test 

No test 

Cue um b e r in- 
oculated from 
ground cherry...... 

2 days 

Negative 

' 

1 

No test i 

No test 

No test 

No test 

Cucumber from 
tomato through 
ground cherry 

ISTegative 

Kegative 

No test 

No test 

No test 

No test 


seem probable that we are dealing with two distinct causal entities possess- 
ing the same host range. The results of the present inYestigations, however, 
have shown that the reactions of the infective principle in the juices of 
mosaic cucumber, tomatoes, or ground cherries always have been the same 
for a given species, regardless of the source of infection. The extracts from 
ground cherries infected with the extract from mosaic tomatoes exhibit the 
same reactions as those from ground cherries inoculated with the extract 
from mosaic cucumbers, and the same results have held true in the ease of 
cucumber and tomato when inoculated with the extract from either of the 
other two hosts studied. In short, the so-caUed properties of the mosaic 
virus seem to be determined by the character of the juices of the host plant 
in which the disease occurs. 
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This variable nature of the infective principle makes it evident that the 
use of the term '/virus'’ to connote the expressed juices from mosaic plants 
is misleading, and makes it more necessary that the actual infective entity 
be isolated from these expressed juices before determining the actual prop- 
erties and characters of the virus, or infective principle, since by our pres- 
ent methods the tests used indicate changes in the medium rather than in 
the vims. The results of these studies, however, together with the results 
of the cross-inoculation experiments of the writer and others seem to indi- 
cate a single causal agency in the case of the mosaic diseases of the cucum- 
ber, ground cherry, and tomato in so far as their response to a series of 
arbitrary tests is concerned. 

An interesting point in connection with experiments in which the ex- 
tracts were heated to different temperatures was the relationship between 
the thermal death point of the viruses and the point at which coagulation 
occurred. In the case of tomato and ground cherry extracts, the thermal 
death point was in the neighborhood of 85° C., and it was near this point 
that complete coagulation took place. In the ground cherry extract two 
distinct points of coagulation were noticed. The first coagulation separated 
the green chlorophyllous material from the extract, leaving a grayish sub- 
stance behind, and occurred in the neighborhood of 65° C. The next coagu- 
lation precipitated the grayish substance in curdy masses, separating it from 
a clear amber liquid. The temperature at which this coagulation occurred 
coincided with the thermal death point of the virus. This relationship was 
also noticed in the ease of the cucumber, the point of coagulation and the 
thermal death point both of which are practically the same, 70° G. In ex- 
periments in which alcohol was added to the extract from mosaic plants, 
coagulation also occurred, but there was apparently no correlation between 
the point in the addition of alcohol at which coagulation occurred and the 
one at which the virus was rendered innocuous, which in the case of alcohol 
treatment was not definitely determined. By a combination of these two 
methods of coagulation, heating and addition of alcohol, under delicately 
controlled conditions and with suitable filtration methods, a separation of 
the mosaic extracts into several parts seems possible ; one of these parts will 
be closer to the actual virus than anything hei^etof ore obtained. 

SUMMARY 

1. This paper presents the results of experiments to determine the prop- 
erties of the infective principle, or virus, from typical cases of mosaic on the 
cucumber, tomatO', and cultivated ground cherry; and to determine the 
changes that occur in any one of these viruses when transferred by cross- 
inoculations to either of the other two hosts. 
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2. These experiments ineliided studies on the reactions of the various 
infective principles to ageing, drying, heat, alcohol, dilution, and filtration. 
A summary of the reactions of the various extracts to these tests is given 
in table 14. 

3. The behavior of the expressed juices of mosaic tomato* plants appears 
to be the same as that described by other workers in the case of tobacco 
mosaic. The tomato mosaic virus withstands ageing, and can be diluted to* 
1 : 10,000 and still produce infection. Treatment for one hour with alco- 
hols ranging in strength from 33 to 95 per cent did not destroy its power 
of infection. The thermal death point in the case of tomato mosaic appears 
to lie between 85° and 90° C. The infective principle is also capable of 
passing all grades of Berkfeld filters. 

4. Juices extracted from mosaic ground cherry plants reacted in the 
same manner as the juices from mosaic tomato plants in tests on ageing, 
drying, heating, dilution, and treatment with alcohol. Filtrates from Berk- 
feld filters were also infective. 

5. The infective principle in the expressed juices from mosaic cucumber 
plants is incapable of withstanding ageing, drying, heating, and treatment 
with alcohol in any degree comparable to that of the virus of the mosaic 
diseases of tomato and ground cherry. The cucumber virus reacts in the 
same manner to dilution and filtration through Berkfeld filters as the viruses 
from the other three plants named. 

6. The reactions of the virus in the juice expressed from tomato plants 
inoculated with the extract from mosaic ground cherry plants were the 
same as those from tomato plants inoculated with the extract from mosaic 
tomato plants. 

7. The reactions of the infective principle from ground cherry plants 
inoculated with the extract from mosaic tomato plants were the same as 
those of the virus from ground cherry plants inoculated wdth the extract 
from mosaic plants of their own kind. 

8. The juice from ground cherry plants inoculated with the extract 
from mosaic cucumber plants showed the same reactions as the juice from 
ground cherry plants inoculated with the extract from mosaic ground 
cherries. 

9. The properties of the extract of cucumber plants inoculated with the 
extract from mosaic ground cherries W’^ere the same as those of other mosaic 
cucumber plants either naturally infected or inoculated with extract from 
other cucumber plants. 

10. The juices extracted from mosaic cucumber plants infected with the 
extract from mosaic tomato plants by means of ground cherry as an inter- 
mediate host show^ed no differences from the typical cucumber virus. 
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11. These experiments have shown that the properties of the mosaic 
virus of a given plant may be decidedly changed by transferring it to an- 
other host. The properties of the viruses from mosaic plants of a certain 
species also appear to be the same, no matter what the source of infection. 
This fact indicates that there may be a single causal agent for all the mosaic 
diseases studied here. 

12. Experiments in which the extracts from mosaic plants were treated 
at different temperatures showed that the thermal death point of the infec- 
tive principle in the extract and the temperature at which coagulation of 
the extract occurs are practically the same. 
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RESISTANCE OF PEAS TO ROOTEOT ^ 


FkedKeuelJones 

INTRODUCTION 

In the study of diseases of the root system of the pea plant, with which 
the writer has been concerned for several years, no phase of the general 
study has proven more elusive of precise statement than that of resistance 
in certain varieties. The fact that certain varieties were more or less re- 
sistant had been observed on the trial grounds maintained by seed companies 
before it became a matter of investigation and was reported in phyto- 
pathological literature. In the several demonstrations of resistance which 
have been observed by the writer, more than one fungous parasite of the 
pea plant has been found; but in all cases previous to 1925 the parasite 
which seemed to be most abundantly present and most aggressive in its 
attack upon the plant was Aphanomyces euteiches Drechsler, described in a 
previous paper as the cause of pea rootrot. In consequence of this condi- 
tion, it has been assumed that resistance shown by the plant as a whole was 
resistance to the destructive action of this parasite or perhaps to some of 
the consequences of its invasion. In a previous paper^ summarizing work 
done up to the spring of 1924, several ways are suggested whereby the re- 
sistant varieties may escape injury. Among the more important appeared 
to be delayed infection, slower progress of the parasite through the root 
cortex; formation of a secondary periderm, and especially resistance of the 
vascular cylinder of the root to invasion by soil fungi after the primary 
cortex has been destroyed. The present paper records the progress which 
has been made in the study of resistance of peas in 1924 and 1925. 

FIELD TRIALS IN 1924 

The varieties chosen for closest study in 1924 are given in table 1. 

1 This study of resistanee in peas to disease is a portion of an investigation of dis- 
eases of peas conducted by the Office of Cotton, Truck and Forage Crop Disease Investi- 
gations of the Bureau of Plant Industry, U. S. Department of Agriculture, Washington, 
D. 0., in cooperation with the Wisconsin Agricultural Experiment Station. 

2 Jones, Fred Beuel, and Charles Drechsler. Boot rot of peas in the Dnited States 
caused by Aphanomyces euteiches (n. sp.). Jour, Agr. Ees. 30: 293-325. 1925. 
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TABLE 1 . — Varieties of peas studied in IBM 


Belative 

earliness 

Varieties 

Eesistant 

Susceptible 

Early 

Rice No. 330 

Alaska 

Medium 

Horal 

Horsford 

Late 

Black Eyed Marrowfat 

White Marrowfat 


Planting was made at three locations on infested soil where peas had 
failed the previoits year. At Madison, Wisconsin, planting was made by 
the writer j at McMillan, Michigan, by Dr. Wilber Brotherton, Jr. ,* and at 
Columbus, Wisconsin, the first four varieties were planted by the Columbus 
Canning Company^ on a commercial scale for demonstration. Unfortu- 
nately, the Madison planting was greatly damaged by a heavy shower and 
was of little value. The soil at Columbus was so* hard during an early 
period of dry weather that roots could not be removed and examined as ex- 
tensively as was desired. Soil conditions at McMillan, Michigan, were 
favorable for the removal of roots at all times. In all of these plantings 
rootrot caused by Apkanomyces was the first disease of general occurrence 
observed, and it developed abundantly and apparently uniformly. 

In view of the outcome of this work, it seems unnecessary to report in 
detail the results of these comparisons. Suffice it to say that, in the early 
growth of the plants, considerable differences in rate of root growth was 
found in each location between the varieties, but the differences were not 
maintained consistently in the three locations. 

Apparent delayed infection and retarded progress of the parasite. Two 
of the varieties, Horal and Black Eyed Marrowfat, seemed to resist infec- 
tion by Apkanomyces in two of the trials. At Madison, a portion of a row 
of Black Eyed Marrowfats on June 25 yielded 27 plants, seven of which 
were free from visible infection, while a corresponding row^ of White Mar- 
rowfats yielded only 19 plants, every one of which was thoroughly stripped 
of root cortex. The roots of the 20 infected plants were not nearly so ex- 
tensively invaded as were those of the susceptible variety. A similar exami- 
nation of plants at McMillan planted May 2 and washed from the soil July 
11 gave results shown in table 2. 

Prom table 2 it is clearly seen that, although the number of plants ex- 
amined is small, Horal shows hardly half as large a percentage of infection 

3 The field studies of resistance recorded here have been made possible by Dr. 
Wilber Brotherton, Jr., who has maintained plots for the writer at McMillan, Michigan, 
and by The Columbus Canning Company, Columbus, Wisconsin, which has maintained 
comparative trials of varieties in infested fields for two years. 
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as tlie susceptible ■varieties, and Black Eyed Marrowfat hardly more than 
a third. These differences in percentage are inadequate to express the 
entire difference so far as apparent injury was concerned. The diseased 
plants of a resistant variety were in no case as extensively invaded as were 
those of the susceptible varieties, a difference that is not readily determined 
by measurement. When the next examination of the root systems was 
made on July 31, there were few root systems of any varieties left unim 
vaded by Aphanomyees. The resistant varieties, except No*. 330, show^ed 
the greater number of infections, but the count of uninvaded plants at this 
time expresses even less completely the difference in the general condition 
of the root systems. Between Alaska and No. 330 there was little difference 
in apparent root injury. The only Plorsford plants showing many living 
roots were a few whose taproots had been destroyed early and which had 
developed a new root system in the surface soil from the base of the epi- 
eotyl. Even the most damaged root systems of Ploral plants showed a con- 
siderable number of living tertiary rootlets growing from secondary roots 
deprived of cortex. The same contrast appeared between Black Eyed and 
White Marrowfats. 


TABLE 2,— Percentage of plants of six varieties of peas invaded 'by Aphanomyces. 
Planted at McMillan^ Michigan^ May 1924. Examined Jnly 11 


Yariety 

No. plants 
with rotted 
root systems 

No. plants 
free from 
rootrot 

Percentage 

diseased 

plants 

Alaska 

39 

9 

81.0 

No. 330 

21 

3 

87.0 

Horsford 

29 

11 

72.5 

Horal 

24 

29 

45.0 

White Marrowfat 

57 

1 

97.7 

Black Eyed Marrowfat 

18 

45 

28.5 


In contrast with the preceding observations,, it must be recorded that at 
Columbus, Wisconsin, the roots of the Horal pea were invaded just as rap- 
idly by Aphanomyces as were those of the susceptible Horsford, but that 
they did not die as rapidly after being stripped of primary cortex, and 
that resistance was just as striking here as in the other trials. 

Secondary periderm. Comparison of rate and extent of development 
of the secondary periderm that might protect roots deprived of cortex was 
made chiefly at McMillan. No difference was observed in behavior between 
Alaska and No. 330. Periderm development was very slight and incom- 
plete in the taproots of both varieties. Horal showed a greater develop- 
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ment of periderm than Horsford, and Black Eyed Marrowfat than White 
Marrowfat; but periderm development was so tardy and incomplete that 
it seemed unlikely that it contributed greatly toward resistance. 

Secondary invasion. In all of the comparisons of susceptible and re- 
sistant varieties which have been made in the three locations, one difference 
has always been found between them. The vascular cylinder of resistant 
varieties remains free from secondary fungous invasion long after the cortex 
has been destroyed. For example, in a comparison of Horsford with Horal 
showing apparently equal injury judged from external appearance of the 
root systems, razor sections show that, white in Horal only the primary cor- 
tex is invaded, in Horsford fungous mycelium is found in some of the larger 
vessels, and often much of the secondary phloem is disorganized and de- 
cayed. All this occurs before the plants above ground have registered any 
indication of disease. In all varieties, the epicotyl and upper portion of 
the taproot appear to be the regions where secondary invasion progresses 
most rapidly and does greatest damage. In resistant varieties, vascular 
elements, when penetrated by fungous mycelium, usually become filled with 
a yellow gummy substance which seems to check the invasion, while such 
yellow discoloration does not appear in the susceptible varieties, where 
fungous mycelium appears to pass readily from cell to cell. From these 
examinations it appears that all of the resistance in No. 330 and much of 
the resistance in the other varieties examined is likely to be found in re- 
sistance of the vascular cylinder of the root to invasion and destruction by 
fungi which enter after the cortex has been destroyed by Aphanomyces, 

GREENHOUSE STUDY OF DELAYED INFECTION AND RETARDED PROGRESS 
OF THE PARASITE 

In the winter of 1924, efforts were made to demonstrate in the green- 
house ability of resistant varieties to delay infection or the progress of 
Aphanomyces through the roots. In the first trial, peas were planted in 
boxes 8 inches deep with screen wire bottoms. These boxes were set on 
moist sand. When the taproots of the young plants had entered the sand, 
the boxes were lifted and the sand flooded with a suspension of zoospores 
of Aphanomyces, After a time the plants were washed from the soil, and 
the distance to which the taproots showed softening from decay was mea- 
sured. The measurements obtained in one trial are given in table 3. In 
this trial the fungus has progressed a little further through the susceptible 
variety than through its corresponding resistant variety, but the difference 
is not large. 

In another series of experiments two wire-bottomed boxes of soil 4 inches 
deep, separated by a space of two inches, were made to fit closely in the 
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rectangular metal cans used in Wisconsin soil temperature tanks. Peas 
were planted in the upper box, and the taproots passed through the space 
separating the two boxes into the lower box of soil. Inoculation was made 
by pouring suspensions of zoospores on the surface of the soil in the lower 
box. By this device the time of infection could be easily observ^ed by the 
discoloration and softening of root cortex at the surface of the soil. 


TABI/E 3. — Comparison of rate of progress of the fungus Aphmomyoes euteiches 
through the cortex of roots of peas under identical conditions 
in each of two trials 


Variety 

First trial 

9 days at about 20® C. 

Second trial 

12 days at 20-21° C. 

No. plants 
measured 

Average distance 
of invasion (cm.) 

No. plants 
measured 

Average distance 
of invasion (cm.) 

Alaska 

37 

7,0 

12 

10,00 

Rice^s No. 330 - 

16 

6.0 

10 

7.90 

Horsf ord 

31 

7.2 

5 

10.60 

Horal 

23 

6.6 

6 

11.20 

Black Eyed Marrowfat 

13 

6.7 

10 

10.60 

White Marrowfat 

23 

8.1 

8 

11.30 

Yellow Admiral i 



10 

9.55 

Green Admiral 



7 

8.00 


Some difSeulty was encountered in the use of this device, since the roots 
passing through the space between the two soil layers were sometimes read- 
ily killed by molds which gained entrance, even though the entire apparatus 
was sterilized before the peas were planted. The root ends were also read- 
ily damaged by drying if the upper soil became at all dry. However, in 
several trials roots in healthy condition were inoculated at the soil surface 
of the lower box and were observed as the fungus advanced up the taproot 
into the soil above. In no case was infection of resistant plants delayed 
beyond that in susceptible plants. There was no conspicuous difference in 
rate of progress. A typical set of measurements is given in table 3. Here 
again, with the exception of one pair, there is a difference in favor of the 
resistant plant, but a difference so slight that it cannot be regarded as sig- 
nificant. Eesistance as it occurs in the field cannot be ascribed to such slight 
retardation of growth of the fungus in the host as is shown here. 

FIELD TRIALS IN 1925 AND RESISTANCE TO WILT 
Field study of resistance was continued in the spring of 1925. Unfor- 
tunately the trial plats at McMillan, Michigan, were discontinued. The 
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Columbus Canning Company at Columbus, Wisconsin, continued demon- 
stration plats, using a larger number of resistant and susceptible varieties. 
They were planted on a rootrot infested field on which x^eas had not been 
grown for several years. Although there was little rain in early spring, 
peas germinated and grew fairly well, but rootrot did not appear until late 
in the season, and then only in small areas. Nevertheless, even though 
rootrot was absent, susceptible varieties like Horsford and Advancer at 
Columbus died off almost as completely as in years when rootrot was pres- 
ent, although a little later in the season. Owing to great injury from frost, 
it was not possible to compare Alaska and No. 330 in a satisfactory manner, 
but it appeared that Alaska suffered relatively little when compared with 
previous trials. In addition to the resistant varieties already considered, 
the Green Admiral pea showed high resistance, if not immunity. 

The dying plants of susceptible varieties showed the characteristic symp- 
toms of the wilt disease found by Linford^ the previous summer, and from 
these plants the characteristic fungus associated with wilt was repeatedly 
isolated. It appears, then, that resistance shown by peas at Columbus in 
1925 was resistance to wilt. Furthermore, it is probable that wilt has been 
present at Columbus and perhaps in other experimental plats in previous 
years, but was obscured by the earlier development of rootrot under usual 
conditions of rainfall, and that, in consequence, resistance to wilt was one 
of several factors in the resistance to parasitic invasion, alb of which was 
ascribed to ApJianomyces. The frequency and importance of this factor in 
resistance in past experiments cannot be estimated. It does not seem likely 
to the writer that this factor has been present in all of the demonstrations 
of resistance that have been studied. Unless peas can, upon occasion in the 
field, develop greater resistance to ApTianomyces than was demonstrated in 
the greenhouse trials here described, it appears that resistance to Apliano- 
myces alone is but a small factor in this total of resistance; but it is still 
possible that the vascular cylinder of some varieties is resistant to destruc- 
tion by soil fungi after the cortex has been destroyed, a form of resistance 
that may be coincident with resistance to wilt, or that in certain instances 
unrecognized root destroying fungi to which some varieties are resistant 
have occurred in conjunction with Aphanomyoes in field trials. At present 
it appears that investigation in these several directions promises to lead to 
a comprehensive definition of the nature of resistance of peas to soil in Eest- 
ing fungi. 

4 Jones, Fred Beuel, and M. B. Linford. Pea disease survey in Wisconsin. Wis. 
Agr. Exp. Sta. Bes. Bui. 64. 1-31. 1925. 
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SUMMARY 

1. Eesistanee to injury from rootrot has been shown consistently hy 
several varieties of peas observed in trial plats at McMillan, Michigan, and 
Madison, Wisconsin, during several years. Three varieties showing high 
resistance and three varieties showing conspicuous susceptibility were 
selected for comparative study in field and greenhouse to determine the 
difference in behavior of these varieties toward Aphanomyces euteiches, 
which appeared to be the most important cause of disease. 

2. In field trials in 1924 one of the resistant varieties showed no delayed 
infection by Aphanomyces nor slower progress of this parasite in destruc- 
tion of cortex of roots, while two varieties showed conspicuous resistance of 
this character in the trial at McMillan, but less or none of such resistance 
in the trials at Madison and Columbus, Wisconsin, where apparent resis- 
tance, judged by growth of the plants, was as great. 

3. Eesistant varieties in all locations remained comparatively free from 
fungous invasion in the vascular cylinder of root and epieotyl after the 
cortex was destroyed by Aphanomyces, while susceptible varieties were 
quickly invaded. 

4. Greenhouse trials have failed to demonstrate an important degree of 
resistance to Aphanomycv^s in roots of resistant varieties. 

5. In a field trial at Columbus, Wisconsin, in 1925, rootrot was largely 
prevented by drought. Susceptible varieties were damaged or destroyed 
by a wilt disease, while resistant varieties remained free from apparent 
injury. 

6. Prom this experience it appears that resistance, as it is observed in 

the field, is the sum of several factors. Eesistance to rootrot caused by 
Aphanomyces to be a very small factor. Eesistance to wilt is in 

some localities a large factor. Other apparent factors whose importance 
has not been determined are resistance to secondary invasion of roots in- 
jured by Aphanomyces, and resistance to other root destroying fungi of less 
conspicuous importance in the soil. 

Madison, Wisconsin 




THE IMPORTANCE OP CONTROLLING CELERY BLIGHT 
IN TPIE SEEDBED 

A. Gr. New HALL 

Observations and experiments during the past four years in the celery 
fields of western New York have brought out quite strikingly (a) the im- 
portance of the seedbed as the source of inoculum both for late blight caused 
by Sepioria apii and bacterial blight or leaf spot caused by Pseudomonas 
apii, and (h) the benefit resulting from protecting the seedlings with a cop- 
per fungicide. 

Many authors have pointed out that certain seed-borne and soil-harbored 
pathogenes attack their hosts before they are out of the seedling stage. Sev- 
eral investigators have recommended more recently that celery spraying be 
bommenced in the seedbed (3, 5, 6). There is some evidence that good 
control of tobacco wildfire may be obtained by this practice (1, 2). Data 
are presented here which indicate that delaying primary infections for 5 
or 6 weeks in the case of celery blights by dusting the seedlings may be 
reflected later in the season by substantial reduction in blight development 
and at harvest by a corresponding increase in yield. 

It has been recognized for some time that the late blight fungus may 
live over in the soil or on the seed and is often carried with the seed. The 
method of overwintering of the bacterial blight pathogene, on the other 
hand, is not so well understood. It is not likely that seed transmission is 
the common method, for this disease is rare, if present at all, in the celery 
seed growing districts. Moreover, in the muckland regions of New York 
State, where the disease is common, it is much more prevalent in fields 
where celery follows celery repeatedly than where a two-year rotation is 
practiced. The important fact at present is that, in certain seasons charac- 
terized by frequent or prolonged rains in June, the blight pathogenes be- 
come established on celery plants while they are still very small and before 
they are removed from the seedbed. Primary lesions both of late blight 
and bacterial blight have been found repeatedly under these conditions on 
plants only 5 or 6 weeks old. 

The value of growing the plants in a clean seedbed was indicated by the 
following observations. On one farm plants for the field were selected from 



Both late blight, caused by Septoria apU, and bacterial blight, caused by Pseudomonas apii, present. All others bacterial blight only. 
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two seedbedS; one located on old muck which had grown blighted crops of 
celery in previous years, and the other on new muck. Neither seedbed re- 
ceived any fungicidal treatment. Plants from the two seedbeds were trans- 
planted to the same field in July but were set in separate blocks of approxi- 
mately an acre each. Six weeks later examination of 2,000 plants in this 
field showed that 50.6 per cent of the plants from the old muck seedbed were 
spotted, while only 6.4 per cent from the new muck were diseased (table 1). 
In other words, there were over seven times as many blighted plants from 
the old muck seedbed. 

Apparently few 'workers have appreciated the number of plants which 
become infected in the seedbed and which are not detected at transplanting 
time. To illustrate this point, a seedbed was selected where blight was 
knowm to have existed the year before and where a very slight amount of 
infection was found in two small areas. Any celery grower would have 
pronounced it a clean seedbed. The day after this examination the plants 
were set out in the field. Three days later a very careful examination was 
made of all the plants in 33 rows 65 feet in length, and a stake was placed 
beside each spotted plant. Out of 7,690 plants examined, 83 were found 
to be affected by bacterial blight. The area amounted to one-fifth of an 
acre, which meant that 415 focal points for blight development per acre 
had come out of this seemingly healthy lot of seedlings. The distribution 
of these plants is shown in figure 1, a photograph of about one-third of the 
area examined. 

Experiments were initiated in 1923 by the author (4) to determine the 
value of dusting to protect the seedlings from the time they were half an 
inch high until they were transplanted to the field. This procedure had 
already been tried by at least one enterprising celery grower, who had ob- 
served less blight all through the season on plants taken from seedbeds 
which he had sprayed than on plants from untreated seedbeds. On four 
farms 20--80 copper-lime dust was applied to portions of the seedbeds. A 
Niagara blower gun or hand duster was used, and from two to four applica- 
tions were made at approximately seven-day intervals, beginning when the 
plants had developed their first true leaves. On two of these farms blighted 
celery had occupied the land the p^’receding year. Furthermore the moisture 
supply 'was exceptionally close to the surface, thus presumably favoring the 
blight pathogenes. On the other two farms, however, celery had not been 
grown for several years. Bacterial blight was found in the untreated por- 
tions of the beds in abundance on the first two farms, and on one of them 
Septoria blight was also abundant. But no blight was found on the other 
farms before the plants were set out in the field. The dusted plants were 
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set in a tkree-row block alternating with blocks of undusted plants. All 
received the same treatment after they were transplanted to the field. 

During the last of July, after the plants had become well established, the 
fields were inspected and a record made of the number of plants showing 
blight spots (table 1) . In one field, out of 1,000 plants which had been dusted 
twice in the seedbed, B9 plants, or 4 per cent, were spotted. In the same 
field, out of 1,000 plants from the undusted portion of the seedbed, 154, 
or 15 per cent, were found spotted. In another field, out of 1,000 plants 
which had been dusted three times in the seedbed, only 13, or 1.3 per cent, 
were diseased, while of an equal number from the undusted portion of the 
seedbed 290, or 29 per cent, showed blight spots. So there were in. July 
from 4 to 22 times as many focal points from which the blight pathogenes 
could spread in those parts of the fields set with plants which had not been 
protected in the seedbed. In the last case above, the difference in blight 
was evident throughout the season even to the casual Ofbserver. Both late 



Fig. 1, Stakes show where blighted seedlings had been set; 415 focal points for 
blight development per acre. Plants were taken from seedbed in oontinnons celery cul- 
ture. These had not been sprayed or dusted but looked healthy to the casual observer 
at transplanting time. 

blight and bacterial blight were abundant throughout this field. At harvest 
time three rows of plants which had been dusted in the seedbed were found 
to fill 18 crates, weighing a total of 1,950 pounds; while three adjacent 
check rows filled but 16 crates, weighing 1,750 pounds. This increase of 
16 per cent amounted to 49 crates per acre. 

In 1924 the experiments were repeated on five other farms. From two 
to three applications of 20-80 copper lime dust 'were made to portions of the 
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seedbeds. As in the previous season, on two of the farms there appeared 
to be no benefit from dusting the seedlings in the bed. Practically no blight 
developed on either the dusted or untreated plants until midsummer, when 
the growers commenced spraying or dusting the fields themselves. This is 
thought to be due to rotation of the seedbeds and to their well drained loca- 
tions. On the other three farms, however, as table 1 shows, there were 3, 
4^ and 6^2 times as many blighted plants by midseason in those portions 
of the fields set with plants which had not been dusted in the seedbed. If 
the actual number of spots of blight per plant are considered, there were 3, 
8% and 12 times as many spots where the plants had not been dusted in the 
seedbed. 

In 1924 also, increases in yield similar to those mentioned for 1923 were 
obtained. For example, on that part of one farm planted from a seedbed 
which had received two applications of 20-80 copper lime dust and which 
was relatively free from disease, there was an increase in yield of 103 crates 
per acre. On another farm where part of the plants came from a seed- 
bed located on new muck and which remained relatively free from blight 
throughout the season, there was an increase in yield of 25 crates to the 
acre over that portion of the field set with plants from the old muck seed- 
bed. 

It is evident, therefore, that, if the grower can not choose new muck for 
his celery seedbed, and it is often undesirable to do this on account of soil 
moisture conditions, it is then highly desirable to protect the young seed- 
lings in the seedbed. Prom the time the plants put out their first pair of 
true leaves until they are transplanted, 2 to 4 applications of a copper 
fungicide should be made at suitable intervals. The frequency of the ap- 
plications will depend on rainfall and the rate of development of the plants, 
the aim being to keep them well covered at all times. No injury has been 
noted even from large quantities of copper-lime dust. It is believed that the 
fungicide acts not only as a protective coating on the plants but also inhibits 
or even kills the pathogenes which may be residing close to the surface of the 
soil. In all events the early applications made before the plants were large 
enough to completely shade the ground were the more, important ones 
Bordeaux mixture is known from earlier work (4) to be equally as effective 
.as copper-lime dust in controlling these two blights of celery. However, on 
account of the convenience of the dusting method, growers who would never 
have bothered with a hand sprayer are now using a hand duster without 
•complaint and with excellent results. The long quiet evenings in June are 
ideal for treatment with a minimum expenditure of time and material. 
The dust settles close to the ground in a dense layer, giving a very complete 
covering. 
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A few appHeations to the seedbed at a very small cost have been found 
to- save one or more applications of fungicide, or of fertilizer, to the entire 
field later in the season. It is a most reasonable form of insurance against 
both late and bacterial blights. In fact it is at present probably our only 
safe means of protection against the seed-borne late blight organism. Seed 
treatment may cause more or less injury, depending on the age and vitality 
of the seed; and furthermore the late blight pathogene may live over in the 
soil, in which case seed treatment would be useless. 

summary 

1. Both late blight (caused by Septorm apU) and bacterial blight or leaf 
spot (due to Fseudompnas apii) of celery have been found in considerable 
abundance on small plants in out-of-door seedbeds, 

2. When two to four applications of 20-80 copper lime dust were ap- 
plied while the plants were in the seedling stage, a marked reduction in sub- 
sequent blight development throughout the season was obtained in six out 
of ten fields. The control of blights was reflected in substantial increases 
in yields at the end of the season. 

Department op Plant Pathology, 

Cornell University/ 

Ithaca, N. Y. 
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SMUT OP WESTERN RYE GRASS 
W. P.T’e.aserahdG.A.Soott 

A smut of western rye grass was first brought to the attention of the 
senior author in 1916 on specimens collected at Saskatoon and transmitted 
by Professor James Murray of MacDonald College. He reported about 60 
per cent infection. More recently this smut has been collected at Winni- 
peg, Brandon, Indian Head, Scott, Lacombe, and at a number of other 
places. There was usually about 10 to 15 per cent infection where the col- 
lections were made. One district in northern Saskatchewan, Sturgeon 
Eiver, reported as high as 90 per cent of smut in a field of western rye 
grass. As this grass is largely used for hay in the prairie provinces of 
Canada, and as the smut reduces its value for feeding purposes and seriously 
interferes with the production of seed, a study of the smut seemed de- 
sirable.^ 

The smut attacks the spikelets, destroying the ovaries and usually the 
bases of the glumes (Pig. 1), although frequently the outer glumes are not 
affected. The sori are large, irregular, rather firm at first, but finally dusty. 
The spore mass is dark brown to black in color. Usually all the spikelets 
of the head are affected, but sometimes only the upper ones are smutted. 
The spores are usually spherical, sometimes oval, dark brown, finely ver- 
rucose, and mostly 8-1 1m- in diameter, averaging 9.2m-. The spores germi- 


TABLE 1 . — The effect of treating seed of western rye grass for control of smut 


Year 

Place 

Ho. of 
i rows of 
each 
treat- 
ment 

Per cent smut in rows from seed treated in 
different ways 

Seed 

untreated 

Seed dusted 
with smut 
spores 
(Check) 

Seed dusted with 
smut spores and 
treated with f or- 
maldehyde so- 
lution (1-320) 

1919 

Indian Head 

2 

0 

15.0 

0 

do 

Saskatoon 

2 

trace 

8.0 

0 

1920 

Indian Head 

2 

0 

12.5 

0 

do 

Saskatoon 

2 

0 

23.3 

0 

1921 

Indian Head 

1 

trace 

80.0 

0 

do 

Saskatoon 

1 

trace 

75.7 

0 

1922 

Saskatoon 

1 

trace 

24.6 

0 


i Eraseiy W. P. A smut of western rye grass. Phytopatli. 10 ; 316. 1920. 
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nated readily in 5 per cent sugar solution and less freely in water. Sporidia 
are produced in sugar solution in a few hours (Fig. 2) . 

Experiments carried out during the seasons 1919-1922 indicated that 
the smut was carried over from season to season by spores clinging to the 
seed, and that seed treatment with formaldeihyde solution would prevent the 




Si 


Fig. 1. Healthy and smutted heads of western rye grass. 
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smut. The experiments were not extensive ; only one or two 16-f oot rows 
were grown at each of two stations during four seasons. Seed artificially 
inoculated with spores was used. The results, however, were marked and 
consistent throughout, so there seems little doubt that ordinary formalde- 
hyde treatment, 1-320, is effective. There was no evident injury to the 
seed from this treatment. A summary of the experiments is given in 
table 1. 

Copper carbonate dust was tested in 1922 as a seed disinfectant for the 
control of this smut but was not effective, since 10 per cent of smut ap- 
peared in the treated rows. The checks showed 24.4 per cent of smut. 

In 1920 seed of Agropyron tenerum was dusted with spores two years 
old from the same host. The dusted rows averaged 4 per cent of smut at 
Saskatoon and 3.75 per cent at Indian Head. The check rows were free 
from smut. Two 16-foot rows were used at Saskatoon and one at Indian 
Head. This indicates that the spores may retain their viability at least 
two years. 

An experiment to determine the host range was made in 1924 at Sas- 
katoon. Seed of various grasses was dusted with the spores of this smut 
from Agropyron ienenm and seeded in 16-foot rows. The results are 
given in table 2. 


TABLE 2,— Results of inoculating the seed of different species of Agropyron and 
Bromus with smiU from Agropyron tenerum, 1924 


Bow 

no. 

Seed of 

Kotes 

Per cent smut^ 

1924 

1925 

1 

Agropyron tenerum 

commerciai seed 

5.7 

4.0 

2 

do 

seed artificially smutted 

47.9 

23.2 

3 

do 

do 

50.8 

20.6 

4 

A. riehardsoni 

do ' 

14.6 

4.1 

5 

A. dasystachyum 

failed to head 


6.0 

6 

Bromus dliatus 

3 smutted heads. Only a few 





plants headed 


6.0 

7 

B. latiglumis 

1 1 smutted plant. Only a few 





1 plants headed 


.8 


a As some of the grasses did not head in 1924, the rows were left until the next 
season, when all the grasses headed abundantly. 


While it is suggested by the experiment that the smut on the Bromes 
came from the spores applied to* the seed, yet, as no check rows were seeded, 
the experiment does not establish this. 
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Additional rows of seed treated with smut spores were seeded in Sas- 
katoon in 1925. The results of this test are given in table 3. 

Systematic position: The smut is closely related to- Ustilago hromi- 
vora, the spores of which are slightly larger and the surface usually 
less finely verrucose. Measurements of 100 spores from Agropyron tenernm 
and A. riehardsani gave an average diameter of 9.23 and 9.261^ respec- 



tively, and the same number of spores of Ustilago hromivora from Bfomus 
ciliatus and B, tectorum measured 9.94 and O.fiSM- respectively. It seems 
best to regard this smut on Agropyrons as Ustilago hromivora. One field 
collection was made on Agropyron richardsoni at Saskatoon. 
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TABLE 3. — BesuUs of inoeulating the seed of dif event species of Agropyron and 


Bromns in 1925 

Row 

no. 

Seed of 

Per cent 
smut 

1 

Agropyron tenerum (dusted with smut) 

19.0 

2 

do (check) 

0 

3 

A. richardsoni (dusted with smut) 

j 16.8 

4 

do (check) 

0 

5 

A, dasystachyum (did not head) 


6 

do ( do ) 


7 

A. spicatum (did not head) 


8 

do ( do ) 


9 

Bromus ciliatus (dusted with smut). A few plants headed. 

0 

10 

B. ciliatus (check) 

0 

11 

B. porteri (dusted with smut). A few plants headed. 

0 

12 

do (check) 

0 


SUMMARY 

A smut of Agropyron tenerum is common in the prairie provinces of 
Canada. It also attacks A, richardsoni and A. dasysiaehyum. 

The smut closely resembles Usiilago ’bromivora and is assigned to that 
species. 

The smut is controlled by the formaldehyde solution as used for cereals. 

The experiments here described were carried out as part of the work of 
the Dominion Laboratory of Plant Pathology at the University of Saskatche- 
wan. Acknowledgment 's made of the assistance of the staff of the Labo- 
ratory in these experiments, and of the facilities afforded by the University 
for carrying on this work. 

University of Saskatchewan, 

Saskatoon, Sask. 
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OBSEEVATIONS ON INFECTIONS OF APPLE AND PEUNB EOOTS 
BY AEMILLAEIA MBLLEA VAHL 

S. M. Zeller 

Although the Armillaria rootrot is one of the oldest known plant dis- 
eases, the txact manner in which it enters a host plant is imperfectly 
known. It is usually taken for granted that spores of this fungus do not 
directly infect living hosts. Therefore, it must be a positive deduction that 
infection by the mycelium must take place directly by individual hyphae or 
by hyphae organized as rhizomorphs. Infection is not known to take place 
through roots which are too young to have developed a bark. In all re- 
ported observations, infection took place through rootstocks or larger roots, 
but there still seems to be question whether entrance is effected through 
healthy, uninjured bark, through wounds or through dead roots. 

Hartig (4, 5) and Gieslar (3) experimented on a variety of dicoty- 
ledonous woody plants and arrived at about the same conclusions as 
those obtained by Wagner (7). Wagner planted 43 smaU. trees of different 
sorts in garden soil which was infested by rhizomorphs of Armillaria mellea. 
Of these, 24 were intentionally wounded on the roots. Seven of the wounded 
trees became infected, while but one of the 19 unwounded was infected. 
Brefeld (2) found that, when freshly cut pieces of thick roots of Scotch 
pine were brought into close contact with rhizomorphs, the tips of the latter 
grew into the roots very quickly, both through the cut ends and through 
the undamaged bark. However, cut pieces of roots, especially coniferous 
roots, cannot be considered as healthy, and it is difficult to remove pieces of 
root without injury to the bark. It should be considered from his experi- 
ment not that rhizomorphs can force their way into the bark of a perfectly 
healthy root but that they can enter dead, or partially dead, bark. 

Barss (1) suggested that ^Yhizomorphic strands . • • tipon coming in 
contact with the root of the susceptible plant, may possibly bore their way 
into the healthy bark. It is believed by man, however, that the fungus 
gains its entrance, more often, if not exclusively, at points where the root 
or the crown of the tree has been injured.’^ 

Home (6), who pei'haps has observed Armillaria root rot of orchard 
trees in more of its various conditions and appearances than any other 
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American worker, observes that ^^when the tip of a rhizomorph comes to a 
healthy root the very small microscopic threads of which it is composed 
seem to loosen like the cut end of a rope and the individual threads pene~ 
trate into the bark and start a new infection. ’ ^ This comes the nearest to 
describing actual infection of healthy tissues that the writer has found 
reported. 


Pig. 1. A 3-year-old apple root which shows an oak (Quercus garryana) root thoroughly 
infected with Armillaria mellea lying in contact with the fork of the apple root as they 

were found in situ. 

The Armillaria rootrot is a widespread, serious orchard disease in the 
Northwest, especially in that portion of the coast states west of the Cascade 
Mountains. The disease is particularly severe on prune trees and is rather 
serious in many apple orchards. In this region the strain of Armillaria 
Vahl which grows on oak (Quercus garryana) is the one which 
causes destruetion on orchard trees. 

Since the fall of 1922 the writer has had several opportunities to observe 
infection of apple and prune roots by this oak-root fungus. Many examples 
of infection which were apparently through wounds have been found. 
These were near the collar of the tree not far from the ground line. How- 
ever, after finding a few cases of infection of apple roots where there were 
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no signs of previous wounds, attention was attracted to the desirability of 
making further observations. Shortly, many more examples of this type 
of tissue invasion were found. One of the largest examples of this type of 
entrance to the hc-st is illustrated in figures I and 2. Figure 1 shows a 
piece of oak root which was about 1%^ inches in diameter and 18 inches 
long, lying across the fork of a branching apple root. These roots bore 
this exact relation to each other in the soil and were in contact. Figure 2 
shows the same portion of the apple root as shown in figure 1 with the piece 
of oak root removed. The piece of oak root was thoroughly decayed by 
Armillaria mellea with the exception of a few sectors which were merely 
sufficient to identify the wood. The most interesting feature of the situa- 
tion is the scurfy, cankered condition of the apple root where it was in con- 
tact with the diseased oak wood. Figure 3 illustrates a more developed 
stage of the same type of condition in a slightly older apple root. In this 
instance a diseased apple root crossed this apple root and made contact with 
it at the groove, designated by the circle. In the example illustrated in 
figure 1, infection had not gone farther than the inner parenchyma of the 
bark, while in the case illustrated by figure 3, infection had reached the 
cambium and had spread up and down the cambium from the point bf 
peiietmtion for a distance of about 2 cm. At the same time the fungus had 
penetrated the wood to a depth of about 2 mm. and up and down a total 
length of about 1.5 cm. The infected area of wood had the eharacteristic 
odor and color of Armillaria rot and was bounded by the eharacteristic 
dark line, while the inner bark was full of white mycelium bounded on the 
cuter borders with a dark brown, fungous crust. The apple root illustrated 
in figure 1 was three years old when taken and that in figure 3 was four 
years old. There were no indications of wounds of any sort that might have 
been present in either ease before the infections started. From the contour 
of the root illustrated in figure 3, it was not difficult to estimate that the 
two apple roots had been in contact for at least three years. This, however, 
led tO' no information as to the length of time necessary for the cambium 
to become infected, for there wms no wmy to estimate the length of time the 
thoroughly diseased root had been diseased in that portion directly in con- 
tact with the root recently infected. Seventeen cases of this type of infec- 
tion of apple roots have been observed in various stages of the scurfy bark. 
Five similar cases have been found on the roots of Italian prune trees. 

Undoubtedly many who have had orchard experience with Armillaria 
rootrot have observed its toxicity to affected trees. Whether this toxicity is 
due to the presence of the fungus itself or to the products of its metabolic ac- 
tivity in the wood is not known. Especially where this rot has been found 
affecting prune trees, the writer has seen many cases of the toxicity referred 
to. If a tree has only one root affected, with infection extending well up 
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toward the collar, at first only those branches immediately above the afSected 
root will yellow and die, although the w^hole tree may finally die. It is not 
the loss of the root which has affected the branches above, for, when such a 
root is pruned, the branches of the tree apparently go unharmed. It seems 
that the death of branches in such cases must be brought about by the 
toxicity of the product of the organism working in the wood. 

The writer believes that the type of infection mentioned above has its 
start through healthy bark which has been acted on by toxic substances 
given off by tissues decayed by Armillaria mellea. The very first indication 
of this toxic influence on the bark is the appearance of a shallow, browned 



Fig. 2. The same portion of the apple root shown in figure 1 with the oak root removed. 
Notice the scabby, cankered appearance of the apple bark where it was in contact with 
the Armillaria-decayed oak root. 

spot in the outer parenchyma of the bark of the root just around and under 
the lenticels. These are at first of a blistery, edematous consistency and 
later dry down and flake. Soon several such blisters may appear and flake. 
When dried, the thin circular flakes curl up at the edges, the appearance 
of the bark reminding one of the rough bark produced by pear scab in- 
fections on young twigs. It resembles a type of so-called ‘^burning” which 
may tato place when organic debris is piled too closely to young bark. 
These spots coalesce until one soon finds a superficial condition like that 
illustrated in. figure 2. Evidently, this condition is extended deeper very 
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slowly, new layers of dead flakes being sloughed off as new plate-like cork 
layers are formed in the bark parenchyma. This continues until a cankered 
condition appears as illustrated in figure 3, when the mycelium of the 
fungus is able to pass beyond the inner parenchyma of the bark to the 
cambium. In the earlier stages of the flaking off of the outer parenchyma, 
no mycelium of the fungus was found in the affected spots until at least two 
or more plates of cork had been sloughed. 


This type of infection is apparently a very slow process, but the wound 
through which the fungus enters is an indirect result of the presence of the 
organism or its metabolic products. No attempt has been made to deter- 



Fig. 3, A 4year-old apple xoot showing the cankered condition produced by an Armil- 
laria-deeayed apple root which crossed in . contact with it in the position of the circle. 
In this ease the Armillaria infection had penetrated to the cambium. 


mine the nature of the products which are toxic to the bark tissues. 

A few observations have been made in connection with another type of 
infection of the roots of prune trees. A note concerning the place of 
entrance and the writer ^s theory as to the mode of entrance might be an 
aid to others doing similar field observation. It has been found that parent 
roots are frequently infected around newly formed lateral roots. Cases 
have been found where only the parenchyma of the parent root immediately 
surrounding a new lateral in its first year’s growth was invaded by the 
mycelium of Armillaria mellea, and more advanced stages where this has 
reached the cambium have been observed. The writer has assumed that 
the rupture of the bark parenchyma by the young lateral root as it pushes 
out through the bark has provided an entrance in such cases where a vegeta- 
tive portion of the fungus chanced to be near at the time of rupture. The 
several instances of this kind have shown nothing to disprove the assump- 
tion, although actual penetration has not been followed. 
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SUMMARY 

1. Rootrot, caused by ArmillaHa mellea Vahl, is a widespread, destructive 

orchard disease in the Northwest, especially in that portion of the 
coast states west of the Cascade Mountains. 

2. Infection of the roots may take place in at least three ways : 

(a) Through wounds. Examples of thivS type of infection are 

common. 

(b) At points of contact of diseased and healthy roots. Seventeen 

cases of this type of infection of apple and five similar cases 
of prune infection have been observed. 

(c) At point of emergence of lateral roots, apparently through the 

rupture of the bark parenchyma by the young lateral root as 
it pushes out through the bark. 

3. When infection occurs at the point of contact of diseased and healthy 

roots, it probably starts through healthy bark which has been acted 
upon by a toxic substance given off by tissues decayed by the fungus. 
Oregon Experiment Station, 

CORVALLIS; Oregon 
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A SPOT-ROT OP APPLES IN STORAGE CAUSED BY 
BOTRYTIS^ 

D. Heald an!d Robeeick Spkagite 

INTRODUCTION 

A storage rot of apples caused by Botrytis cinerea has long been known 
in the Northwest. Briefly, it is a light brown, moderately soft rot which, 
under moist conditions, develops grey conidial tufts that completely cover 
the surface of the decayed fruit. 

During the fall of 1921 a striking departure from these ordinary symp- 
toms was noticed. On a single Rome Beauty apple from common storage, 
showing a pale brown lesion, nearly every lenticel in the rotted area was 
surrounded by a darker brown ring. Except for these peculiar reddish- 
brown spots which had not heretofore been associated with the rot, the 
appearance of the host and fungus was characteristic of Botrytis cinerea. 
Microscopic examinations and isolation cultures gave what appeared to be 
typical Botrytis cinerea^ but at that time no further study was made of 
the rot.^ 

In early November, 1923, Rome Beauty apples affected with the spot-rot 
were obtained from one cellar, and a few days later Delicious and Wagener 
apples from another cellar at Pullman. It has since been observed in com- 
mon storage Romes at Spokane. From the time of the first collection of 
apples in November until the last of February, the spot-rot of apple could 
be found in the storage cellars around Pullman. Sufflcent material was on 
hand during the season for a more detailed study of the spotting and its 
cause. 

CHARACTERISTICS OF THE SPOT-ROT 

Botrytis rot of apples is generally light brown in color. The decayed 
areas frequently have at first a pale, translucent, watery appearance which 
soon changes to a duller brown. The striking feature of the rot was the 
evident darker spots which always centered around the lenticels. They are 
brownish-red rings of about 2-3 mm. diameter, each showing a pale or 

1 Published with the approval of the Director of the Washington Agricultural Ex- 
periment Station as Scientific Paper No. 133, College of Agriculture and Experiment 
'Station, Pullman, Washington. 

2 Heald, E. D., and Dana, B. E. Notes on Washington plant diseases. I. Botrytis 
diseases. Trans. Am. Mic. Soc. 43: 136-144, 1924. 
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wh-itish area in the center. This lighter region at the center and a paler 
zone on the outside cause the rings to show up in a striking fashion. The 
spots are not numerous, averaging 4r-20 to the square inch, and give to the 
surface an appearance similar to that of a polka-dot fabric (Pig. 1). 

After being left in damp chambers in the warm laboratory a few days, 
the spots lose their definiteness and spread out as blotches or darker dis- 
colorations on the surface of the fruit. They do not lose their identity 
entirely, however, as the white area in the center of the spot remains tO’ 
mark the place where the spot originated. Conidial tufts soon begin to 
push through the surface, and in a few days the fruit is a mass of grey 
mold. 

ISOLATIONS 

Isolations were made from partly decayed and spotted fruits, previous 
to the appearance of any external conidiophores, by removing bits of tissue 
from the advancing edge of the rot with a flamed scalpel and planting them 
on poured plates. Three per cent dextrose agar + 10 was used. On this 
medium a flat spreading growth developed, which gave rise in a few days 
to the grey, fluffy patches of fruiting Boirytis, At the same time the cul- 
tures showed a peculiarity in the nature of a red coloring of the substratum 
which was not typical of Botrytis cinerea as commonly isolated from apples 
in this region. Microscopic examination of the cultures showed typical 
Botrytis spores and conidiophores, agreeing in spore measurements fairly 
closely with Botrytis cmerea (4.6 - 7.5 X 7,5 - 13.1 M-) . 

INOCULATIONS 

From the fact that the isolated fungus acted peculiarly on media, and 
because the symptoms on the host were different from the usual Botrytis 
rot, inoculations were made to determine whether the common Botrytis or 
any of its strains would cause the spot-rot under laboratory conditions. 
Before carrying on inoculation experiments, a known pure culture of Bo- 
trytis was obtained by making a streak plate from spores from tufts on 
the surface of a Botrytis-rotted fruit. The two following cultures were thus 
available for use: (a) the ''unknown’^ culture obtained from mycelial 
transfers from a spotted apple, (b) pure Botrytis, from spores. The pure 
Botrytis culture did not color the substratum. Rome Beauty and Jonathan 
apples were inoculated with these two cultures. The inoculations were 
made by cutting rectangular flaps in the apple with a flamed scalpel and 
inserting a small mass of mycelium under each flap. Uninoculated checks 
were kept. The different lots of apples were placed in sterilized damp 
chambers and kept in the laboratory at room temperature. 

The development of the rot was observed daily over a period of two 
weeks. Spotting occurred along the advancing edge on apples inoculated 
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with the '‘^unknown'' cultures aud also faintly on apples inoculated with 
the pure culture of Botrytis. At the temperature at which the apples were 
held, the experiment was inconclusive. 

Next, inoculations were made to show whether the culture of known 
Boirytis would cause spotting similar to that caused by the original isola- 
tions if the specimens were incubated at a lower temperature. Since Jona- 
than apples had not proved satisfactory, Rome Beauty apples were used 
exclusively in the following inoculations with : 

(a) the original culture from spotted Rome apple; 

(b) known Botrytis trom shoves; 

(c) rotted tissue direct from spotted Delicious apple. 

These were made in duplicate and placed in moist chambers. One set 
was left in the laboratory at room temperature, and the other was placed 



Fig. 1. Rome Beauty apple completely rotted by Botrytis cm&i’ea. 

in a cool storage cellar at 35 ‘'-45° F. While these inoculations were in- 
cubating, effort was made to find out something concerning the coloring of 
the media. The original culture had retained part of its color at least, 
through four separate transfers. The known Botrytis culture showed no 
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coloring, while an isolation from a Delicious apple showed a faint amount 
of color, and several other spore-streak plates varied in their coloring. The 
different strains seemed to retain their media-coloring characteristics 
through numerous transfers in only faintly decreasing intensity. 

Daily observations were made on the development of the lesions on the 
inoculated apples. Spotting appeared along the advancing edge of the rot 
in all cases during the first few days. 

The spotting of the apples kept in the laboratory soon spread out into 
vague, irregular blotches and became indistinct or disappeared, but could, 
however, be noted to a slight extent along the advancing edge. There were 
no differences in any of the inoculated apples kept in the laboratory, either 
in spotting or in rate of decay. At the end of 22 days the apples in the 
laboratory were entirely rotted and covered with a grey mass of eonidal 
tufts. 

■When the apples in the cellar were bi'ought back to the laboratory at 
the end of 22 days they were one-half to three-fourths rotted. The de- 
cayed areas were lighter in color and more translucent than those on the 
apples held in the laboratory, and were covered with the characteristic 
spots, even the older spots retaining the sharply defined ring form. As in 
the laboratory specimens, there were no differences in the various inocula- 
tions, all three cultures producing the same kind of spotting. 

Re-isolations gave typical Botrytis in all cases. The red coloration of 
the medium was constant, appearing where it had been originally and not 
appearing where it had been absent. The persistent red color in some cul- 
tures of Botrytis and its absence in others seems to be characteristic of dif- 
ferent cultural strains of the fungus. 

SUMMARY 

1. The spot-rot of apples is caused by a species of Botrytis, probably 
B, cinerea. 

2. The Botrytis rot develops best at relatively high temperatures but 
without the spotting. 

3. The spotting of the apple depends on development of the rot at low 
temperatures. At higher temperatures the spots become indistinct blotches 
or fade out entirely. 

4. The development of the red coloration of the cultures is peculiar to 
certain strains or isolations. 

Department op Plant Pathology, 

State College op Washington, 

Pullman, Washington. 


BOOK REVIEW 


Fungous Diseases of Fruit-Trees in New Zealand and Their Remedial 
Treatment. By G. H. Ciinnin^hani, B.Sc. Spray formulae in collabora- 
tion with the Director, Assistant Director, and Orchard Instructors, Horti- 
culture Division, Department of Agriculture. 382 pages, 177 figures. Pub- 
lished under the authority of the New Zealand Fruit-Growers’ Federation, 
Ltd., by The Brett Printing and Publishing Company, Ltd,, Auckland. 
1925. 

This hook was written to meet the needs of fruit growers for information relating 
to diseases which affect commercial orchards of New Zealand. To this end, the author 
has sought simplicity of treatment, and a scope and arrangement of material ^'in ac- 
cordance with suggestions from the orchardists themselves. ’ ’ 

The first or ^'generaP^ section of the hook (99 pages) is devoted to an elementary 
consideration of the geography and climate of New Zealand, botany of the fruit tree, 
wounds and their treatment, fungi, bacteria, diseases of plants, and remedial treat- 
ments. The second or t^speeiaP' section (249 pages) deals with specific diseases. 
These are treated in three divisions: I. pome fruit (apple, medlar, pear, and quince) 
diseases; II. stone fruit (almond, apricot, cherry, nectarine, peach, and plum) diseases; 
and III. citrus fruit (grapefruit, citron, lime, lemon, orange, and pomelo) diseases. 
In each division the diseases are subdivided into three groups, (a) fungous,'^ (b) 

^ ^ bacterial, and (e) ‘■physiological.’’ At the beginning of each major division are 
a chart showing the diseases which affect each host and an artificial key for the identi- 
fication of diseases by symptoms. Each disease is treated in relation to the host group 
which it most seriously affects. The treatment of each of the more important diseases 
ordinarily includes consideration of names, hosts, geographic distribution, “appearance 
and effect on the hosts, ” life history of the causal organism, and control measui-es. 
Following the treatment of each disease are references to citations which are assembled 
in a bibliography of 337 titles. Technical words are explained in a glossary. 

The book is well printed on good paper. The illustrations are numerous and, to 
an unusual extent, original. Many of the photographs are of excellent quality, although 
a few are poor. The drawings are semi-diagrammatic. The illustrations are well re- 
produced. In most cases, however, they would serve their purposes equally well and 
add to the attractiveness of the work if somewhat reduced in size. 

The author is to be congratulated upon the successful way in which he has ac- 
complished a very difficult task. He has combined the simplicity of treatment requisite 
to the purposes of the book with scientific soundness and accuracy. From the point of 
view of the fruit growers for whom it was written, the book should be very satisfac- 
tory. It should be realized, however, that in a single volume of this length and scope 
it is impossible to give a full discussion of the practical problems presented by each 
disease treated. For this more detailed or extended information, it will be necessary 
to seek special advice or refer to special literature. From the point of view of the 
plant pathologist, the book presents a welcome and valuable account of the fruit dis- 
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ease proHems of New Zealand and the methods which are being used to meet them. 
•Its limitations are, for the most part, those imposed by its scope and purposes. The 
treatment of diseases which affect several plants in relation to host groups, rather than 
individual host plants, for example, precludes giving as much attention as would be 
desirable to problems which vary with hosts. In the treatment of symptoms and the 
preparation of keys to identification by symptoms, the author appears to attach more 
weight to the constancy of symptoms and the fixity of their relations to specific causes 
than would the present writer. The hook shows evidence of much care in preparation 
and contains few errors in typography or transcription. 

The wisdom of the author, in seeking the assistance of individuals and organiza- 
tions in position to contribute . to his enterprise and the liberal spirit of cooperation 
with which they responded merit special note and commendation. This work does credit 
both to the scientific leadership and the intelligent initiative of the fruit growers of 
New Zealand. 


G. W. Keitt 
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A BEGONIA IMMUNE TO CEOWNGALL: WITH OBSEEVATIONS 
ON OTHER IMMUNE OR SEMI-IMMUNE PLANTS 

(The first of a series o-f Potentiometer Studies.) 

Erwin E. Smith and Agnes J. Quirk 

On the crowns of a tall-gro-wing begonia, long cultivated in our houses 
on account of its large flower clusters and showy foliage, we observed numer- 
ous natural galls supposed to be crowngalls. When examined more criti- 
cally, they w^ere found to be nematode galls due to* Hetervdera radicicola. 
Subsequently, inoculations of virulent cultures of the hop strain of Bac- 
terium tumefacienSy on a large scale, three times repeated, failed to produce 
any tumors on these plants, although the same cultures inoculated into sun- 
flowers, sugar beets and Ricinus developed the usual tumors within the ordi- 
nary time (Fig. 2). 

This plant, known to us as Begonia luceTna, said to be one of the deriva- 
tives of B. coccinea {B. rubra of gardeners), has large, very oblique, smooth 
leaves which are very red on the under-surface, especially the young leaves, 
and green above with silver spots (Pig. 1). With plenty of room the plant 
often grows to a height of 6 or 8 feet or more, and the red flow^er clusters 
may be a foot long and equally broad. 

The above-mentioned unexpected results led to the following poten- 
tiometer tests and other tests. In each ease we experimented with 10 ec. 
of undiluted juice, which was tested in a Hildebrand calomel-cell apparatus 
as soon as possible after its extraction. The plants were ground in a meat 
chopper, and the juice was obtained by means of a small hand press. When- 
ever minutes are used in connection with hydrogen, it means minutes from 
the beginning of the grinding to the beginning of the hydrogen satura- 
tion of the platinized needle. T. = Temperature in degrees Centigrade; 
mv. = millivolts ; and T.a. =; Total acidity in terms of Fuller’s scale, ie., num- 

N 

her of cubic centimeters of y NaOH required per liter of juice to bring the 

fluid from the given pH to pH 8.2 (phenolphthalein neutrality). In each 
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case the readings on the potentiometer were continued until there was no- 
further rise in potential, and the highest reading was always taken for com- 
puting the pH by means of the constants of Michaelis. 

Exp. 157. March 20, 1924, 10 :30 A. M. Removed and ground 50 large 
upper leaves from numerous shoots. None flabby or yellowed. Weight 175 
grams. With moderate pressure we obtained about 100 ce. of a strongly 
acid, non-viscid, opaque fluid, the color of capillary blood. Hydrogen on 
in 18 min. T, 26 j mv. 324.2; pH 1.35; T.a. + 247 (estimated; too much 
alkali was added at the end) . This result, only approximately true with 
respect to total acidity, was so astonishing that the experiment was immedi- 
ately repeated, with the following result. 

Exp. 158. The acid fluid was centrifuged and we obtained a clear blood 
red fluid which tasted a little like currant juice, i.e.y it was strongly acid 
and somewhat acerb. Hydrogen on in 115 min. T. 26; mv. 325.5; pH 
1.36; T.a.-f 263, 

Exp. 159. The soft green tops of 40 shoots of Begonia lucerna were 
ground after removal of the leaves. Weight 333 grams. From, these under 
moderate pressure we obtained 200 cc. of a cloudy, dirty, yellowish green, 
non-viscid fluid containing only a trace of pink color. After centrifuging, 
the fluid was still cloudy and of a pinkish yellow color. Hydrogen on in 
25 min. T. 25 ; mv. 377.8 ; pH 2.23 ; T.a. + 99. 

Exp. 160. Bases of 76 shoots taken from about a dozen pots. Nine- 
tenths of these shoots were covered with a smooth brown-purple bark, the 
rest were green on the surface, a few were rather woody. All of these 
plants had nematode tumors at the surface of the earth and below. Weight 
390 grams. Extracted 210 cc. of a yellowish green fluid, which was still 
cloudy and yellowish green after centrifuging. Hydrogen on in 32 min. 
T. 25 ; mv. 447.8 ; pH 3.42; T.a. 4 - 40.5. 

Exp. 161. Nematode tumors from the bases of 36 stems. All small, 
considerable necrosis in each one. Many others were too badly decayed to 
use. We obtained only a small double handful of usable galls, few of which 
were perfectly sound. Extracted about 60 cc. of a dirty, yellowish-white, 
very cloudy fluid from which a muddy brown precipitate settled out at once. 
On centrifuging there was an additional dirty precipitate containing a little 
starch, but the fluid remained thinly clouded and whitish. Hydrogen on in 
18 min. T. 26 ; mv. 458.4 ; pH 3.60 ; T.a. + 32. 

Somewhere between pH 4.28 and pH 4.80 in the titration curve (sodium 
hydroxide being added) the color of this tumor juice changed from white 
to blue, but at the end of the titration (pH 8.2) it was dark red. This re- 
sult appeared so inexplicable that the experiment was repeated to see if the 
hastily recorded first dark color (blue) was not an erroneous determination. 

Exp. 162. Into 10 cc. of the white fluid of Exp. 161 we allowed ^ NaOH 
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Fig. 2. Left: Shoots of Begonia lucerna (fourth series) inoculated copiously (20 
needle pricks) with Bact, twine faciem, hop strain. Bight: two controls on Bicmus (in- 
oculated from the same tube). Time six weeks (nearly). The whitish patches on the 
begonia shoots are masses of bacteria through which the punctures were made. 
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fluid became a pale blue; with furtber additions of alkali the fluid became 
first a deep blue, then purple, and finally a deep red. 

Exp. 163. We now took the juice of Exp. 160 (base of the shoots) and 
allowed the dilute alkali to stream into it in the same way. After a time 
it also became pale blue, then deep blue and finally red as in Exp. 161 and 
162. 

Exp. 164. The test wms now repeated on juice from the top of the shoots 
(Exp. 159), with the same result. 

Exp. 165. A final test was made on, 10 cc. of the centrifuged blood red 

■ N 

juice from the leaves (Exp. 158). On addition of j- NaOH the clear, blood 

red fluid apparently behaved differently (see later), the first observed 
change being a purple-color, then brown, then darker brown, then dirty 
bluish, and finally greenish. We continued to add alkali but with no pro- 
duction of any final red color. It stayed in the green. 

The following year, 1925, the juice of leaves and stems of this plant 
was extracted, centrifuged, titrated electrometrically with sodium hydroxide 
down to a pH within the limits of growth of Baot. tumef miens (its 
bouillon range as determined in this laboratory is approximately pH 5.70 to 
pH 9.20), sterilized, retested in order to determine that the titre had not 
changed, and inoculated with the hop strain of Bact. tumef miens. In 
the juice thus treated the crowngall organism grew readily. One of these 
juices registered pH 6.56, the other pH 7.10, and the best growth was in 
the latter. In the third set, to wdiich an excess of alkali had been added, 
there was a very copious precipitate on steaming, leaving a colorless fluid 
(the others were dark) the final titre of which was decidedly more acid 
(pH 4.55) than before the steaming; and in this fluid, as we expected, the 
organism would not grow. Before adding alkali the acidity of these juices 
as determined on the potentiometer was as follows : 

Exp. 521. Blood red juice from the upper leaves, pH 1.06. 

Exp. 522. Pale juice from soft tops of shoots, pH 1.33. 

On adding clear lime water to the acid juice a very copious precipitate 
of insoluble calcium oxalate was obtained, i.e.^ the washed white precipitate 
was insoluble in oxalic acid or acetic acid, but readily soluble in dilute 
hydrochloric acid. A part of the acid, therefore, is oxalic acid, but not all 
of it, since lime salts remained in solution in the fluid, as shown by evaporat- 
ing some of it. 

Some weeks later, August 18, 1925, a third set of tests was made on the 
leaf, stem, and nematode tumor juices of Begonia Incerna. At 11 :15 A. M. 
we cut 21 shoots, which were brought into the laboratory and tested with the 
following results : 

Exp. 537. From the 21 shoots we removed 64 upper leaves and com- 
menced to grind them at 11 :30 A. M. Extracted 190 cc. of red, acid juice. 
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Centrifuged 10 minutes. Fluid a clear blood red. Hydrogen on in 65 niin. 
Fluid not viscid. T. 29; mv. 323.5; pH 1.34 ; T.a. (lost) — too much alkali 

was added at the end, ie., 0.5 cc. of ^ NaOH carried the record from mv. 

640.5 (pH 6.64) to mv. 912.5 (t^pH 11, color then brownish green), the 
desired reading for pH 8.2 being mv. 733.78. T.a. beyond + 250. 

Fzp. 538. Duplicate of Exp. 537. Hydrogen on in 90 min. T. 29; 
mv. 313.0; pH 1.31; T.a. + 264. 

Some preliminary tests were made on the juice from these leaves by 

slowly adding 7 ,^ NaOH. The first color (on the border line of the two 

fluids) was a fugitive blue, overlooked wlieu the stronger alkali was used 
in 1924 (Exp. 165), then purple, then brown, becoming, with more and 
N 


stronger alkali ( — 


) , yellowish green. 

Exp. 539. Commenced to grind the 21 soft green shoots at 2 P. M. 
Extracted 245 cc. of a turbid yellow fluid. Centrifuged 10 min. Fluid a 
clear salmon color (yellowish pink). Hydrogen on in 48 min. T. 30 j mv. 
349.8; pH 1.79; T.a. + 118. At mv. 505.7 (pH. 4.39) there was a slight 
change in color which deepened at mv. 518 and became definitely blue at 
mv. 554 (pH 5.19), At mv. 622 (pH. 6.32) the fluid was a deep violet blue. 
At mv, 663.6, reddish blue (Quirk), purple red (E. F. S,). At mv. 911 
(pH 11) this fluid was brown red, whereas the juice from the leaves was 
brown green (see^'Exp. 537). 

Exp. 540. Tested a double handful of nematode galls collected in fresher 
condition than those of 1924. Commenced to grind at 4 P. M. Obtained 
110 cc. of a yellow milky juice. Centrifuged 10 minutes. A copious dirty 
precipitate and a translucent milky yellowish fluid. Hydrogen on in 30 
min. Fluid not viscid. T. 30 ; mv. 426.8 ; pH 3.07 ; T.a. + 54. At mv. 523 
(pH 4.68) the first distinct pale blue color; at mv. 563.5 (pH 5.36) the 
fluid became deep blue; at mv. 608.5 it was purplish; at mv. 631, reddish; 
from mv. 649 on, the fluid was red. 

The following additional tests were made on August 31, 1925. 

Exp. 544. Soft tops of 24 shoots (leaves removed) , Cut at 11 :50 A. M. 
Commenced to grind at 12 :10 P. M. With moderate pressure we obtained 
182 cc. of an opaque, olivaceous juice. Centrifuged 10 min., fluid a clear 
pink. Hydrogen on in 27 min. T. 29 ; mv. 350.2 ; pH 1.79 ; T.a. + 135 (es- 
timated; too much allcali was added at the end). No change in color from 
mv. 350 (pH 1.79) to* mv. 465 (pH 3.71) ; at mv. 476 (pH 3.90) a trifling 
change toward blue; at mv. 506 (pH 4.40) still pink:; at mv. 532 (pH 4.83) 
the neutral point not yet reached ; between this pH and mv. 613.8 (pH. 6.19) 
the preceding color changed to blue; at the end point (pH 8.2) it was red. 
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Fig. 3. InocDLlated slow-growing crowngalls on the B, P. I. hybrid begonia and leaf of 
the same. Juice pH 1.65. Time 4% months. Photo. Jan. 20, 1926, 

7 /8 natural size. 
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Exp. 545. Duplicate of Exp. 544. Hydrogen on in 65 min. T. 30; 
mv, 350.2; pH 1.79; T.a. + 140. At mv. 584 (pH 5.69) pale blue; at mv. 

606.6 (pH 6.07) deep blue; at mv. 635.7 (pH 6.55) violet blue; at mv. 

670.7 (pH 7.14) purple blue; at mv. 686.5 (pH 7.40) purple red; between 
mv. 722.6 and mv. 742.0 (pH 8.00 to 8.32) red. 

Exp. 546. Bases of 24 old stems (9 only with brown bark). Com- 
menced to grind at 2:00 P. M. Extracted 225 cc. of opaque sulfur-green 
juice. Centrifuged 10 min. Fluid still opaque and yellow. Hydrogen on 
in 49 min. T. 31; mv. 441.5; pH 3.30; T.a.-l-56. At mv. 540 (pH 4.84 
the fluid changed to blue, at my. 586 (pH 5.72) it was a deeper blue; at 
mv. 636.7 (pH 6.57) it was violet blue; at mv. 698 (pH 7.58) it was red 
purple ; and at mv. 739.7 (pH 8.28) it was red. 

Exp. 547. Duplicate of Exp. 546. Hydrogen on in 80 min. T. 31; 
mv. 440 ; pH 3.30 ; T.a. + 56. Color bluish at mv. 532 (pH 4.83) ; deep blue 
at mv. 574.7 (pH 5,54) ; deep blue at mv. 653 (pH 6.84) ; red at mv. 714 
(pH 7.85) and onward to mv. 731 (pH 8.11). 

TABLE 1 . — The E-ion ooncenPraiion mid total acidity of the jy/he of Begonia lucerna 


Experimejit 

Ko. 

Degrees 

Centigrade 

Millivolts 

pH 

Total acidity 
(undissoeiated salts) 

Leaves 

157 

26 

324.2 

1.35 

+ 247 estimated 

158 

26 

325.5 

1.36 

+ 263 

521 



1,06 


537 

29 

323.5 

1.34 

Lost (250 plus) 

538 

29 

313.0 3 

1.31 

+ 264 

548 

so 

296.0. 

0.90 

+ 250 

Top of slioots 
159 

25 

377.8 

2.23 

+ 99 

522 



1.33 


538 

30 

349.8 

1.79 

+ 118 

544 

29 

350.2 

1.79 

+ 135 (estimated) 

545 

30 . 

350.2 

1.79 

+ 140 

Base of scoots 





160 

25 

447.8 

3,42 

+ 40.5 

546 

31 

441.5 

3,30 

+ 56 

547 

31 

440.0 

3,30 

+ 56 

Nematode 
tumors ou 
crowns 

. ' ■ ' . 




161 

26 

458.4 

3.60 

+ 32 (somewhat decayed) 

540 

30 

426.8 

3.07 

+ 54 

600 

24 

458.5 

3.60 

+ 35 

601 

24 

458,6 

3,67 

+ 35 
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TABLE 2. — Behavior of Boot, tumefaoiens (hop strain) in a graded series of peptone 
heef ’bouillons, inoc. Aug. ^8, 19B5.- First examination at end of Si hours at S5° C. 


pH 

(colori- 

metric) 

Behtwor 

pH of controls 
on Sept. 2 
(potentiometer) 


Aug. 

29 

Both clear 


5.2 

do 

31 

do i 



Sept. 

2 

do ek. clear 



Aug. 

29 

Both clear 


5.4 

do 

31 

do 



Sept. 

2 

do ck. do 

.......... 


Aug. 

29 

Both clear 


5.5 

do 

31 

do 



Sept. 

2 

do ck. do 



Aug. 

29 

Both clear 


5.6 

do 

31 

do 



Sept, 

2 

do ck. do (uncorrected bouillon) 

5.6 

5.8 

Aug. 

29 

One cloudy, one clear. The cloudy tube re- 





eeived the most inoculum 



do 

31 

One cloudy, one clear 



Sept. 

2 

Both cloudy with a good pellicle, ck. clear 

5.7 


Aug. 

29 

Both cloudy 


6.1 

do 

31 

Cloudier with pellicle 



Sept. 

2 

Both well clouded with good pellicle, ck. clear 



Aug. 

29 

Both cloudy with flocculenee 


6.3 

do 

31 

Better growth. Pellicle 



Sept. 

2 

Both well clouded. Good pellicle, ck. clear 



Aug. 

29 

Best growth. Well clouded, thin pellicle 



do 

31 

do do, good do 


7.0 

Sept. 

2 

Heavy pellicle in each tube. Pluid begin- 





ning to clear, ek, clear 



Aug. 

29 

Inoc. to-day from pH 7.0 of Aug. 28 



do 

31 

Both cloudy 


8.6 

Sept, 

2 

Each “well clouded with pellicle. Less clouded 





now than in pH 6.3, ck. clear 


9.0 

Aug. 

29 

Both cloudy with plain rim breaking up on 





shaking 



do 

31 

Heavier growth with pellicle 



Sept. 

2 

Moderate clouding, good pellicle, ck. clear 



Aug. 

29 

One tube thinly clouded, one clear 



do 

31 

Both clouded with pellicle 


9.4 

Sept. 

2 

Good pellicle, twice as much clouding as in 





pH 9.8, ck. clear 

8.84 


■^ug. 

29 

Both clear 


9.8 

do 

31 

do 



Sept. 

2 

Both clouded with a thin pellicle, ek. clear 

9.05 
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In March, 1926, another test was made of juice from nematode galls on 

this begonia with the following results : 

Exp. 600 > Hardly any starch in the precipitate, i.a., not more than 1/30 
of the whole. Fluid slightly cloudy and pale yellowish. Hydrogen on in 
33 min. T. 24; mv. 458.5; pH 3.60; T.a. + 35. 

Exp. 601. Duplicate. Hydrogen on in 59 min, T. 24; mv. 458.6; pH 
3.67; T.a. + 35. At pH 4.50 the fluid was still yellow; at pH 5.48 it was 
blue ; at pH 7.00 it was violet red ; and at pH 7.53 and on, it was red.^ 

For the convenience of the reader the potentiometer determinations are 
assembled in table 1. 

Up to this time we had data on the behavior of Bad. tumefaciens in acid 
media only, as given by Quirk and Fawcett.^ Those data leave a gap be- 
tween pH 5.7, at which the organism grew, and pH 5.2, at which no growth 
was obtained. To fill this gap and also to redetermine its behavior in alka- 
line bouillons we prepared a series of graded peptone beef infusion bouillons 
and inoculated them immediately after the pH tests were made. The 
inoculum was, in each case, a clearly visible small quantity of bacterial 
growth from an 8-day agar streak (all from the same tube) carried on the 
tip of a platinum needle. Two tubes of each grade were inoculated and a 
third was held as a control. The results, confirmatory of the earlier obser- 
vations, are given in table 2. 

Some change toward the acid side allowing growth might have occurred 
over night in pH 9.4, before the clouding was observed on Aug. 29, as the 
strongly alkaline beef bouillons do not remain very long where they are put. 

On Sept. 2 at 4 P. M. four additional alkaline bouillons were tested on the 
potentiometer and immediately inoculated. Temp. 25° 0. Two cks. held 

TABLE 3 . — The reaction of Bad. inmefaciens in alkaline peptone homllOTis 


pH 


Behavior 


9.00 


9.19 


9.41 

9.65 


Sept. 3 10 A. M. One thinly clouded, one clear (that receiving the 

the least inoculum). 

4 P. M. Both thinly clouded, no rim or pellicle, 
do 4 and 5 Both thinly clouded, rolling clouds on shaking, trace of rim. 

do 8 Good pellicle on each on©^ ; Checks clear. 

Sept. 3 and 4 Both clear, 

do 6 3 P, M. Both thinly clouded. 

do 8 Cloudier than on Sept. 5, but thin. Both checks clear. 

Sept. 3 to 9 Both clear. Checks clear. 

Sept. 3 to 9 Both clear. Checks clear* 


1 Quii’k and Eawcett. Hydrogen-ion concentration vs. titratable acidity in culture 
mediums. Jour. Inf. Diseases 33: 48. 1923. 
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on each pH and two tubes inoculated, one much heavier than the other. 
Each received a 3 mm. loop of inoculum from bouillon pH 6.3 (preceding 
series), and one also a good sized fragment of pellicle, i.e., 50 to 100 times 
as many bacteria as the other. The results are given in table 3. 

EXPERIMENTS ON OTHER BEGONIAS 

The foregoing experiments led to* tests of several other begonias which 
likewise were found to be very acid but not entirely resistant to crowngall 
inoculations. 

The Phyllomaniac Begonia 

Exp. 532, Aug. 10, 1925, 11:10 A. M. Brought in 46 young shoots of 
Begonia pliyllomaniaoa and removed the leaves. Weight of the shoots 512 
grams. Commenced to grind at 11:40 A. M. Extracted under moderate 
pressure 390 cc. of a muddy green fluid. The first taste was strongly acid 
followed by a bitter taste like quinine or quassia. Hydrogen on in 45 min. 
T. 30,* mv. 358.5; pH 1.94; T.a. lost (too much alkali added at the end). 
The proper record was somewhere just beyond + 150. 

Wxp. 533. Duplicate of Exp. 532. Hydrogen on in 127 min. T. 30 ; 
mv. 356.9 ; pH 1.91 ; T.a. + 153. At mv. 506 (pH 4.35) the pink color disap- 
peared, and at mv. 596 (pH 5.83) the fluid became blue, 

Exp. 534. Juice of about 300 leaves from the 46 shoots. They had been 
kept closely wrapped and were not wilted. Commenced to grind at 2 P. M. 
Extracted 470 cc. of a muddy chocolate brown fluid. Centrifuged 10 min- 
utes. The fluid was now cinnamon color and still opaque. It was cen- 
trifuged another 10 min. (3,000 rev. per min.) without change of color or 
opacity. Hydrogen on in 69 min. T. 31; mv. 333.0; pH 1.52; T.a. + 206. 

On adding 250 cc. of lime water to an equal volume of the stem juice, 
we obtained evidence of oxalic acid, i.e., an immediate copious white pre- 
cipitate soluble in dilute HCl but insoluble in oxalic acid or glacial acetic 
acid. The leaf juice treated in the same way became mill^y cloudy but did 
not precipitate for a long time, not even on adding another 150 cc. of the 
lime water and finally 240 cc. more. On centrifuging, the fluid partly 
cleared, yielding a dirty white precipitate, part of which dissolved in HOI. 

We had no expectation of obtaining erowngalls on these plants, but 
inoculations from agar streaks on September 3, 1925, made in the soft upper 
stems of about 20 of these plants with the hop strain of Boot, himefaciens, 
produced slow-growing tumors on most of them. Those that failed to pro- 
duce tumors were plants that grew poorly, and rotted off at the base a little 
later from overwatering and the attack of Fusarmm. These tumors were 
small and thickly studded. with shoots (Fig. 4B).^ 

2 por immerous photographs and observations on this strange plant see Bacterial 
Diseases of Plants, pp. 574-621. W. B. Saunders Co., Phila. and London, 1920. 
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The Vemon Begonia 

The following experiments were made with the Vernon begoniaj a 
favorite bedding plant on account of the profusion of rose red to rose pink 
flowers (R.) . The leaf blades/ seldom more than 2 to 2^2 inches broad and 
not much longer, are fine, doubly serrate and very oblique (Pig. 5). They 
are a glossy metallic green above and a dull green below with traces of red, 
petioles pink. The stems are greenish or reddish. Through a hand lens the 
under surface of the leaf blade shows innumerable small roundish white 
spots, wdiich/ under the compound microscope, are seen to be islands of 
stomata. The plant is smooth except for scattered hairs. 

I/ivp. 5M. Ground 20 fresh shoots of the Vernon begonia (leaves re- 
moved) . Extracted 130 cc. of an opaque cinnamon red juice. Centrifuged 
10 min. Fluid now a clear bright red. Owing to an accident the juice was 
set into the icehox over night, and the following tests were made the next 
morning. 

Exp. 548. T. 29 ; mv. 340,8 ; pH 1.63 ; T.a. — . 

Exp. 549. Duplicate of Exp. 648. T. 29 j mv. 340.8 j pH 1.63; 
T.a. + 191. 

Two other tests of the total acidity gave + 193 and + 194. 

Here again, from the results on Begonialucernaj we had no expectation 
of getting any tumors from needle pricks introducing Bact^ tumefaciens 
(hop strain), but after some months a few small tumors developed (Pig. 40) . 

B. P. I. Hybrid Begonia 

On September 3, 1925, erowngall inoculations were also made on the soft 
upper part of four plants from a hybrid begonia of uncertain parentage. 
It was produced in the Bureau of Plant Industry, but we have not learned 
who made the cross. Only these four plants were available for the experi- 
ment. No positive results were expected, but slow-growing tumors de- 
veloped on each one of the four plants (Pig. 3). The plants continued to 
grow beyond the point of inoculations, and potentiometer tests of the tops 
of these plants made on January 20, 1926, gave the following results. 

(1) Ground upper stem of the 4 plants, i.e., above the tumors (leaves 
removed), and extracted 55 cc. of opaque cinnamon-colored juice. On 
centrifuging, a little starch and chlorophyll were thrown down and a clear 
scarlet red acid fluid remained with the following reactions: T, 25; mv, 
341.8 ; pH 1.62 ; T.a. + 156, approximate. Duplicate, T. 25 ; mv. 342.6 ; pH 
1.60; T.a. + 154. Second dupL, T. 25; mv. 343.6; pH 1,65; T.a. + 153. 

(2) Forty-eight leaves of the same. T, 25; mv. 342.8; pH 1.66; 
T.a/+160. 
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Fig. 4, A. Tumor on Eicwms (2/3 natural size) at end of 30 days for comparison 
with tumors shown in figure 3 at end of 4% months. This tumor was produced with a 

sub-culture of col. 4 obtained from the tumors shown at the right in figure 3. 

B. Inoculated slow-growing crowngall on Befl'twia phylloTtumiam. Right side of 
tumor fuU of tiny shoots. Juice pH 1.94. Time 84 days. Photo. Nov. 27, 1925. Twice 
natural size. 

C. Slow-growing crowngalls on Vernon begonia. Juice pH 1.63. Time 100 days, 
2 /3 natural size. It may be compared witli A. 
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(3) Tumors from the same. Only 2 ec. of a cloudy milky juice was 
obtained on grinding and extracting, and part of this came from normal 
tissues surrounding the tumors, and this naturally increased the acidity of 
the product beyond that which the pure tumor juice would have given. As 
it was impossible to test so small a quantity as 2 ec. in our calomel cell 
apparatus, it was diluted with distilled water up to 10 ec. and then tested 
with the following results : T. 25 ; mv. 512.0 ; pH 4,50 ; T.a. +45. 

(4) For comparison with No. 3. The four stems immediately above, 
below and behind the tumors were crushed, extracted, centrifuged and 
tested. T. 25; mv. 396.0; pH 2.54 j T.a. + 88, 

(5) For an exact comparison with No. 3, 2 ec. of No. 4 were now diluted 
to 10 ce, with the distilled water and tested. T. 25 ; mv. 420.9; pH 2.96 ; 
T.a. + 80, appr. Dupl. T. 25 ; mv. 420 ; pH 2.94; T.a. + 84, appr. 

It is thus evident that the normal acidity of the begonia tissue was re- 
duced locally by the growth of the tumor and this is in keeping with our 
experiments on other plants. For example the juice from soft Ricinus 
stems like those shown in figures 2 and 4 has a pH of 5.53 to 5.54 (several 
tests), whereas the tumor juice is more alkaline, ranging from pH 5.74 to 
5.79 (several tests). To what extent the acidity of the begonia tissue was 
reduced it is impossible to determine from this experiment. We think to 
somewhere between pH 5 and pH 6. Cultures from the smaller (left hand) 
gall (Fig. 3) yielded nothing on the agar plates, nor anything in the original 
bouillon, in which the whole of it was crushed. Mixed juice of the other 
3 tumors (a loop full) into bouillon yielded typical colonies on agar poured 
plates with subcultures, from one of which the tumor was reproduced on 
(Fig. 4A). 

ACIDITY OF OTHER PLANTS IMMUNE OR SEMI-IMMUNE TO CROWNGALL 

For a long time we have known that olive shoots, onion shoots, garlic 
shoots, and shoots of various other plants, especially monocotyledons, can 
not be inoculated very successfully with crowngall (many unpublished ex- 
periments of Erwin F. Smith and Nellie A. Brown) , but this is the first time 
potentiometer tests have been made. 

Without going into details it may be said here that we found the follow- 
ing conditions in the juice of the plants known or supposed to be resistant 
to crowngall : 

Pink shinned^ small, very juicy onions {Allium cepa) : pH 5.15. Total 
acidity, lost (a little too much alkali was added and the final reading was 
pH 8.54 (T.a. + 50)). Dupl. pH 5.02. T.a. + 43. 

Green tops of ircnm skin onions: pH 4,33 ; T.a. + 30. Dupl. pH 4.38 ; 
T.a. +32. 





[l 


Pig. 5. Leaf of Vernon begonia (natural size). For stem see figure 4G. 


Young petioles and midribs of banana {red variety) : pH 5.02; T.a. 4-14:. 
Dupl. pH 5.04 ; T.a. 4 - 14. 

Young petioles and midribs of yellow fruited banana {Qros Michel) : 
pH 4.74; T.a. 4 - 12. Dnpl. pH 4.70 ; T.a. + 12, 

Juice of soft tops of sugar cane {var, Lahina), leaves excluded: pH A. S8 : 
T.a. 4- 37. Dupl. pH 4.91; T.a, 4- 37, Another set: pH 4.82; T.a. + 60: 
dnpl. pH 4.82; T.a. 4 - 63. 
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The Wandeving Jew (TfadescdTitui zehTinci ot ZehTina pendulci) leaves: 
These leaves were broadly lanceolate, white-striped above and purple under- 
neath. pH 5.47 ; T.a. between + 8 and + 10. Dupl. pPI 5.44 • T.a. + 8. 

Stems: pH 5.52; T.a. +21. Dupl. pH 5.52; T.a. +21. 

Juice of young pineapple leaves (the smooth leaved variety commonly 
cultivated in the Panama Canal Zone) : pH 4.72 ; T.a. between + 38 and + 40. 
Dupl. pH 4.73 ; T.a. + 39. 

Boston Market fern {Nephrolepis exaltata var. Bostoniensis) : (32 
fronds) pH 5.20; T.a. +38. Dupl. pH 5.22; T.a. +38. 

Holly fern (PolysticJium lonchitiSf also called Aspidium) : (25 fi^onds) 
pH 5.35 ; T.a. between + 41 and + 42. Dupl. pH 5.32 ; T.a. + 42. 

Eumex crispus (leaves) : pH 3.53; T.a. +66. Dupl. pH 3.56; T.a. +66. 

Bumex oMusifolius (40 leaves) pH 3.64; T.a. +68. Dupl. pH 3.67; 
T.a. +69. 

Hothouse Oxalis (acaulescent, big-leaved, pink-flowered form). Several 
hundred leaves, pH 1.70 ; T.a. + 224. Dupl. pH 1.72 ; T.a. + 224. 

Agave {young leaves) : pH 4.30 ; T.a. +100. Dupl. pH 4.31; T.a. +102, 

At the time the tests were made the H-ion ranges of all of these plants 
were believed to be too acid for the growth of the crowngall organism, and 
probably the tumor never does occur on them in nature, but we now think 
it possible to produce it on many of them by. excessive doses of the organism. 
It is not unlikely that the preponderant kind of acid they contain has more 
to do with the resistance than the total acidity. 

SUMMARY OF RESULTS 

Begonia lucerna 

(1) This is the most acid plant we have ever tested and the concentra- 
tion of the acid is surprising ; (2) the leaves are the most acid part ; (3) the 
acidity of the stem decreases from top to base, i.e., from young to old parts ; 
(4) the juice of the leaves was twice as acid as lemon juice and almost or 
quite as acid as N/10 HGl;^ (5) a very considerable part of the acid of this 
begonia is oxalic acid, but other acids are present; (6) the old nematode 
tumors were the least acid parts of the plant both in pH value and by 
electrometric titration; (7) inasmuch as pH 5.70 represents about the limit 
of growth of Bact. tumefaciens in bouillon media and in acid juices, the 
reason for its failure to grow in this begonia was assumed to be the acidity 

3 The juice of ripe lemons was found to be pH 2.20 (one test and two duplicates, 
in which we got precisely the same readings). The most astonishing discovery was the 
buffer content of the lemon juice, the total acidity, as determined by titration on the 
potentiometer down to pH 8.2 (phenolphthalein neutrality), being around + 950 on Ful- 
ler Scale, i.e.f it would take 950 e.c. of N/1 NaOH added to 1 liter of the juice to reach 
the pH 8.2 point in the titration curve. 
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of its tissues, since it grows readily in the juice of Begonid lucerna when its 
acidity is reduced to pH 6.56, and still better when it is reduced to- pH 7.10 ; 

(8) Heterodera radicicola tolerates a more acid substratum than Bad. 
tumefaeiens, and like the latter, when it is able to grow, changes the sub- 
stratum to suit its needs, i.e,, makes it more alkaline when it is too acid j 

(9) exposure of the expressed juice of this begonia to the air for an hour or 
two made no appreciable change in its acidity (H-ion content) j (10) there 
are two interesting indicators in this plant. The one in the stem juice is 
colorless between mv. 349 and mv. 461 (pH 1.77 to pPI 3.71) ; pale blue 
becoming pure blue between mv. 505 and mv. 554 (pH 4.39 to pH 5.75) ; 
deep violet blue at mv. 622 (pH 6.32) ; and purple red changing to brown 
red between mv. 663 and mv. 911 (pH 7.01 to pH 11) . The end term of 
the other indicator is brown green. 

Other Begonias 

’What proved true of B. Inoena was found to be true of all the other 
begonias tested; they all have a strongly acid juice. All contain oxalic acid 
but the relative amounts are not known. All are rather resistant to crown- 
gall ino-culations, but this resistance may be overcome by mass action of the 
bacteria to some extent at least. 

Other Plants 

All the other plants known or believed to be immune to crowngall w^ere 
found to have a juice considerably more acid than pH 5.70, the limit of 
crowngall toleration in bouillon, but all, with the exception of the Oxalis, 
were less acid than the begonias. The plants tested were Oxalis, onion, 
garlic, olive, pineapple, banana, sugar cane, elephant ^s-ear, Eumex (2 sp.), 
agave, and two ferns. 

Assnmptions as to pH 

We started out with the assumption that the pH controlled tumor forma- 
tion and that no tumors could be produced on plants having a greater acidity 
than pH 5.00, but the final experiments show that we have been able to pro- 
duce crowngall tumo-rs on three begonias having a very much more acid 
juice reaction than any the organism wdll tolerate in fluid cultures. The 
only conclusion we have come to is that mass action must control infection, 
i.e., if you can once get a tumor started in a tissue, even in a very acid tissue, 
it will make its own milieu and continue to grow in spite of the inhibiting 
pH. This probably would be true even on Begonia lucerna. 

Considering these results, it is premature to state that no crowngall 
tumors can be pro-dueed on the plants mentioned and supposed hitherto to 
be immune owing to their acid juice. Further experiments should be made, 
but it is still believed that crowngall tumors on such plants are non-existent 
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The two most important fungous diseases of gladiolus corms are those 
to which the names hard rot (2) and dry rot (3) have been given. These 
are to be found in practically all collections of any size, whereas a third 
disease, Fusarium rot (4), is sometimes present in sufficient amount to be 
given equal rank in impoifance. 

Fusarium rot was observed as early as 1912. Although it received 
casual attention over a period of several years, no special investigation 
of it was undertaken b 3 ^ the writer until 1916, At about this time what 
seemed to be the same fungus was isolated from so many diseased corms 
sent to the Department of Plant Pathology at the New York State College 
of Agriculture that it was considered advisable to make a more intensive 
study of the disease and its cause. 

Diseased corms have been received from a sufficiently large number of 
growers in New York to warrant the conclusion that Fusarium rot is of 
general occurrence in this state. Corms affected with the disease also ha've 
been received from Maryland, District of Columbia, New Jersey, Ohio, 
Indiana, Michigan, Wiseonsin, Minnesota, California, and Ontario, Canada. 
Whether or not the plants were grown by the growers who sent the dis- 
eased material has not always been clear. However, with the general prac- 
tice of growers buying relatively large quantities of corms from one an- 
other, it seems probable that diseased corms have been distributed through- 
out the United States and that the disease occurs in some degree in all 
areas suitable to the growth and parasitism of the fungus. 

No instances of a high percentage of diseased norms in large collections, 
as is common in the case of both the hard rot and the dry rot, have come 
to the attention of the writer. In these latter diseases, especially hard rot, 
it is not uncommon to find over 90 per cent diseased corms in collections 
numbering several hundred thousands or more. However, three cases have 
been noted in which over 75 per cent of certain small lots of corms have 
been found to be affected with Fusarium rot. It is interesting to note that, 
whereas inoculation experiments indicate the absence of varietal differences 

1 The writer is indebted to the Boyce Thompson Institute for Plant Beseareh for 
laboratory and greenhouse facilities placed at his disposal during part of the course of 
this investigation. 
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in susceptibility, yet in these three cases the disease was more or less re- 
stricted to certain varieties. 

Although certain workers have given attention to gladiolusi diseases, 
literature contains no reference to this particular disease other than that 
made by the writer in 1922 (4). It is probable, because of the relatively 
greater importance of hard rot, dry rot and neck rot or scab (1), that these 
diseases have received first attention and that one or more of them were 
involved in cases where the identity of the disease is left uncertain in pub- 
lished accounts. 

SYMPTOMS OP THP DISEASE 

At the time of harvesting the corms in the autumn, Fusarium rot lesions 
appear as small water-soaked spots. They are of a reddish-brown color and 
occur in most cases on the sides and lower halves of the corms (PL XXV) . It 
is usually necessary to remove the husks (sheathing leaf bases) from the 
corms in order to see the lesions, although in some cases the husk is also 
diseased, as indicated by its discoloration and unusual brittleness. 

The rot advances during storage, the rate increasing with higher tem- 
peratures and increased humidities. Lesions are usually irregularly cir- 
cular in outline and range in size from one-fourth to one inch in diameter 
depending upon conditions of storage and time of year. The entire corm 
may become involved and reduced to a dry, brownish-black, worthless 
mummy due to the coalescence of two or more lesions. 

Perhaps the most characteristic symptom of this disease is the existence 
of prominent, irregularly concentric markings or ridges in the lesions (PI. 
XXV, C) . Unfortunately, the absence of these markings is not absolute proof 
that the disease is not Fusarium rot; however, they occur more often than 
not, and the writer has never observed them in lesions produced in any 
other gladiolus disease. They have been observed consistently on diseased 
corms of the varieties Fire King, Princeps and Mrs. Francis King. 

The lesions are generally somewhat sunken due to the rapid drying and 
shrinking of the tissues. The advancing margins are usually definite and 
slightly raised, with active lesions showing a narrow, watersoaked outer 
area, dark in color, which blends sharply into the healthy tissue. Diseased 
tissue is hard and in most eases not over 5 to 7 millimeters in thickness. As 
is true of the hard rot, dry rot and scab, the diseased tissue, especially of 
less active lesions, can be chipped out with the finger nail, leaving appar- 
ently healthy tissue beneath. 

The color of the lesions, although generally reddish-brown, varies some- 
what with the variety affected. On Mrs. Francis King, hazeP is the pre- 
dominating color; and on Fire King the color range is from burnt sienna 
to bay, with older lesions almost black. 

2 Designations of colors are according to mdgway ( 5). 
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Fusarium rot is primarily a disease of stored corms, but certain condi- 
tions of disease in the field relate directly to the rot which advances during 
storage. Missing plants in the row may be due to the fact that the corms 
planted were worthless mummies/ their rotted condition being concealed 
by the apparently healthy husks. Dwarfed, stunted plants, which fre- 
quently fail to produce blossoms, result from planting corms so severely 
diseased that they fail to develop root systems or conducting tissues suffi- 
cient to support the developing offspring. Diseased corms commonly decay 
prematurely in the field, saprophytes, in many if not most cases, playing an 
important role in the rapid disintegration of the tissues. 

In two instances the pathogene causing this disease has been isolated 
from the base of decaying stems, and in one instance from lesions on the 
roots. In other instances species of Fusarium which might have been this 
fungus have been isolated from stems and roots, but the identities of the 
fungi were not determined absolutely. It seems certain, however, that the 
pathogene causing the corm rot may also cause a decay of the stem. 

When corms affected with the Fusarium rot are kept under very moist 
conditions, the lesions commonly become covered with a grayish, mold-like 
growth of the fungus (PL XXV, A) . Corms in this condition have been re- 
ceived from growers. Only in relatively few cases, however, has the fungus 
present on the surface been proved to be the pathogene here described. 
Under such conditions, common saprophytes are to be expected. 

ETIOLOGY 

The Fusarium rot of gladiolus is caused by the fungus Fusarium oxy- 
var. gladioli n. var. 

SOURCE or PURE CULTURE 

The culture of Fusarium referred to in the following descriptions and 
experiments was isolated from a typically diseased corm of the variety Fire 
King on February 9, 1925. Tissue plantings were first made, and from a 
subsequent transfer a strain from a single spore was obtained. 

Simultaneously with the studies on^ which these descriptions are based, 
cultures of the fungus isolated from other varieties and reisolated from 
artificially infected corms have been studied sufficiently to eliminate any 
doubt of the strain from Fire King being pathogenic and being the one most 
commonly isolated from diseased corms. It is not maintained, however, that 
other Fusaria may not attack the gladiolus and cause corm rots similar to 
the one herein described. 
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MORPHOLOGY 

The morphological characters (Pigs. 1 and 2) of the organism, as deter- 
mined from cultures on Yaricus media, are as follows : 

Mieroconidia numerous, dominantly 0-septate. Macroconidia gradually 
attenuated toward both ends, nearly cylindrical in the middle half of their 
length, somewhat pedicellate, and usually uniformly curved throughout; 



Pig. 1. Spores of Fumrium oxysporum vwc. gladioli. A. Macroconidia: 1, 10, 
from a medium sized sporodoeMuxn on liard potato agar after 25 daysj 2, from a medium 
$ized sporodoehium on potato tuber plug after 39 daysj 3, 4, 6, from a small sporo- 
dochium on tomato stem after 39 days ; 5, 7, 8, from a large sporodochium on corn 
meal agar after 90 days; 9, 16, from a medium sized sporodocMuni on commeal agar 
after 38 days; 11, from a small sporodocliium on tomato stem after 30 days; 12, 13, 
14, 15, from a large sporodocHum on tomato stem after 94 days. B, mieroconidia 
from culture on hard potato agar after 19 days. 0, conidiophore from culture * on 
tomato stem after 8 days. D, cblamydospores from culture on tomato stem after 94 
days. Outlined witli camera lucida, xlOOO. 
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0-septate up tO' 98 per cent, 35 x4:.2 (30-42 x3.7-4.6) p.; 1-septate up to 6 
per cent, 20.5 x 3.2 (19-21 x 3.1-3.4) 2-septate up to 10 per cent, 28 x 4.0 
(27-30x3.9-4.1) h-; 3-septate, dominant, np to 92 per cent, 33.4x4.3 (25- 
41x3.5-4.8) jjt.; 4-septate up to 47 per cent, 39x4.4 (33-43x3.8-4.8) 
5-septate np to 8 per cent, 44x4.5 (42-46 x4.3-4.6) 7-septate, less than 
1 per cent, 42x4.8 (40-44x 4.8) h*. Chlamydospores mostly 0-septate, ap- 
proximately globose and smooth-walled, intercalary or terminal, and com- 
monly present in conidia; in conidia, 0-septate, 9x7 (6-14x5-10) in 
mycelium, 0-septate, 11x10 (7-17 x7-16) m-. Aerial mycelium present on 
most media, typically white and well developed, loosely-cottony, up to 5 mm. 
in height. Sporodoehia up to 2 mm. in diameter, forming in from 7 to 14 
days, typically salmon-bulf in color. Bluish-black sclerotia present on 
potato tuber plug and commonly present on other media. 

CULTURAL CHABACTERS 

Fusarium oxysponm var. gladioli was grown on the folloAving media: 
cornmeal agar, with and without 5 per cent dextrose, in petri dishes, spore 
dilution cultures ; hard potato agar neutral, with and without 5 per cent 
dextrose, in petri dishes and test tubes j hard potato agar, made acid by the 
addition of one drop of 50 per cent lactic acid to 10 cubic centimeters of 
the medium, with and without 5 per cent dextrose, in petri dishes and test 
tubes j oatmeal agar, in petri dishes and test tubes ; lima bean agar, in test 
tubes ; rice, 2 grams in 6 cubic centimeters of water in test tubes ; potato 
tuber cylinders, in test tubes, no water added; sweet clover, raspberry, 
tomato and potato stems in test tubes, each with 4 cubic centimeters of 
water added. The vegetable decoctions w^ere prepared according to the 
formulae given by Sherbakoff (7, p. 105). All agar media contained 3 per 
cent agar. All media were autoclaved for 45 minutes at 10 pounds jiressure, 
except rice, which was steamed for one hour on three successive days. With 
the exception of cultures on cornmeal agar, which were spore dilutions, all 
w^ere initiated by transferring bits of medium containing mycelium from 
other cultures. The cultures were kept in diffuse daylight at room tempera- 
ture (approximately 22° C.). 

No marked variations or unusual types of growth occurred on any of 
the media. It was not difficult to maintain the cultures in the state of 
Hochkultur over a period sufficiently long to complete the taxonomic study. 
The intensity of color production was increased by the addition of lactic 
acid and of dextrose. The growth rate, as measured by the diameter of 
the thalli in petri dishes, was slightly retarded by the addition of the lactic 
acid and slightly increased by the addition of 5 per cent dextrose. Aerial 
mycelium was present and typically well developed in all cultures with the 
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exception of those in which the fungus was growing on cornmeal agar. 
It was 3 to 5 mm. in height, of a loose-cottony appearance becoming slightly 
more woolly and appressed with age, and dominantly white. In cultures 
where the aerial mycelium was colored, as for example, hard potato agar 
with 5 per cent dextrose, the color varied from pinkish vinaceous through 
dark vinaceous to ox-blood red, representing a diffused color of the stroma. 
On rice, when 60 days old, the aerial mycelium was dominantly white, 
ranging to pinkish vinaceous. Sporodochia formation was retarded or 
entirely prevented by the addition of lactic acid or 5 per cent dextrose. 
Mature sporodochia were present in cultures on cornmeal agar with 1.5 per 
cent dextrose in 16 days, and abundant on oat agar in 24 days. They were 
formed readily and in large numbers on stems of raspberry, tomato, sweet 
clover, and potato-, being mature in about 14 days. They were typically 
salmon-buff in color. 

Only in those cultures in which the fungus wms growing in decoctions 
to which dextrose or lactic acid, or both, had been added, and in cultures 
on rice and potato tuber plugs, did the substratum become colored. A deep 
purplish vinaceous color developed in from 5 to 7 days. In about 15 
days, in petri dish cultures on potato agar, the color of the substratum be- 
came almost black in the center of the dish, grading to the outer edge 
through bordeaux, dark vinaceous purple and ox-blood red. On rice, when 
60 days old, the substratum was dominantly pinkish vinaceous, grading 
through dark vinaceous to bluish-black deeper in the medium. 

In determining the size of the eonidia, at least 50 and in some instances 
100 spores were measured. The measurements on the various media are as 
follows: 

On cornmeal agar, culture 16 days old j eonidia token from a small sporodocMum: 

0-septate, 98 per cent, 41,2 x4.7 (30.0-50.4 x 4.2-6. 0) jx. 

3 -septate, 2 per cent, 42 x 4.8 jx. 

On tomato stems, culture 18 days old; eonidia taken from a large sporodochium : 

0-septate, 92 per cent, 31.5x4.6 (25.2-45.6 x 3,6-5.4) (x. 

3-septate, 8 per cent, 29.7 x 4,8 (25.2-37.2 x 4.8) 

On tomato stems, culture 19 days old; eonidia from a large sporodocMum: 

0-septate, 30 per cent, 35.1x4.1 (27.6-49.2x3.6-4.8) 

2- septate, 4 per cent, 33.6x3.6 (31.2-36.0x3.6) p,. 

3- septate, 52 per cent, 35.1x4.0 (27.0-48.0x3.0-4.8) p. 

4- septate, 14 per cent, 43.0x4.1 (38.4-50.4x3.6-4.8) p. 

On potato stem, culture 21 days old; eonidia from a medium sized sporodocMum: 

0-septate, 34 per cent, 29.5x3.6 (21.6-36.0 x 3.0-4.2) p. 

I'septate, 2 per cent, 19.2 x 3.0 p. 

2- septate, 10 per cent, 26.2 x 3.7 (19.2-31.2 x 3.6-3.9) p. 

3- septate, 54 per cent, 29.8 x3.9 (24.0-36.0 x 3.0-4.8) p. 

On potato tuber plug, culture 21 days old; eonidia taken from a small sporodochium: 

0*septate, 30 per cent, 32.8x4.2 (28.8-45.6x3.6-4.8) p. 
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3 septate, 4.4 per cent, 30.4x4.3 (20,4"'38.4 x 3.0-4.8) p,. 

4- septate, 24 per cent, 35.0x4.5 (30.0-39.6 x 3.6-4.8) p. 

5- septate, 2 per cent, 37.2 x 4,2 p. 

On sweet clover stems, culture 22 days old; eonidia taken from a small sporo- 
docliium : 

0- septate, 7 per cent, 27,8x4.0 (20.0-36.0x3.3-4,2) p. 

3- septate, 83 per cent, 32.6 x 4.3 (20.0-42.0 x 3. 6-4. 8) p. 

4- septate, 10 per cent, 37,4x4.2 (33.6-40.8x3.6-4.8) p. 

On locust stems, culture 22 days old; eonidia taken from a small sporodochium : 

1- septate, 4 per cent, 24.0 X 3.3 (20.4-27.6 x 3.0-3. 6) p. 

2- septate, 2 per cent, 31.2 x 3.6 p. 

3- septate, 86 per cent, 31.3-4.1 (21.6-39.6x3.0-4,8) p. 

4- septate, S per cent, 34,8 X 4.0 (32.4-37.2 x 3. 6-4,5 ) p. 

On hard oat agar, culture 23 days old; eonidia from a large sporodochium: 

3- septate, 54 per cent, 34.7x4.4 (26.4-46.2x3.6-4.8) p. 

4- septate, 44 per cent, 41.5 x 4,4 (34.8^-48.0x4.2-4.8) p. 

5- septate, 2 per cent, 45.6 x 4.2 p. 

On hard oat agar, culture 25 days old ; eonidia taken from a medium sized 
sporodochium: 

0-septate, 2 per cent, 39.6 x 3.6 p. 

2- septate, 2 per cent, 32,4 x 4.8 p. 

3- septate, 48 per cent, 35.3x4.5 (24.0-45.6x 3.6-4.8) p. 

4- septate, 40 per cent, 44,2x4.5 (36.0-56.4x4.2-4.8) p. 

5- septate, 8 per cent, 47.1x4.4 (44.4-49.2x4.2-4.8) p. 

On hard oat agar, culture 25 days old ; 

(a) Conidia taken from a medium sized sporodochium: 

3- septate, 71 per cent, 34.8 x 4.3 (25.2-44.4 x 3. 0-4.8) p. 

4- septate, 28 per cent, 39.1 x 4.5 (33.6-48.0 x 3. 6-4.8 ) p. 

5- septate, 1 per cent, 55.8 x 4.8 p. 

(b) Chlamydospores in mycelium: 

0- septate, 100 per cent, 10.6x11.0 (6.0-14.4x7.2-15.6) p. 

On hard potato agar, culture 36 days old; 

(a) Conidia taken from a medium sized sporodochium: 

1- septate, 6 per cent, 20.8x 3.2 (19.2-21.6x3.0-3.6) p. 

2- septate, 2 per cent, 25.2 X 3.6 p. 

3- septate, 62 per cent, 33.8 x 4.1 (27.6— 39.6 x 3.6-4.8) p. 

4- septate, 30 per cent, 38.4x4.2 (36.0-45.6x3.9-4.8) p. 

(b) Chlamydospores in conidia: 

0- septate, 98 per cent, 8.7 x 6.8 (6.0-10.8x4.8-8.4) p. 

1- septate, 2 per cent, 9.6 X 6.0 p. 

On cornmeal agar, culture 36 days old; conidia taken from a large sporodochium: 

2- septate, 1 per cent, 19.2-3.6 p. 

3- septate, 55 per cent, 33.2-4.2 (21.6-44.4 x 3.0-4.8) p. 

4- 8eptate, 38 per cent, 38.1x4.4 (32.4-48.0x 3.6-4.8) p. 

5- septate, 6 per cent, 40.8 x 4.7 (38,4-45.6 x 4.2-4.8) p. 

On hard oat agar, culture 38 days old; conidia taken from a large sporodochium: 

3- septate, 74 per cent, 32.8 x4.3 (26.4-39.6 x 3.6-4.8) p. 

4- septate, 18 per cent, 39.6 X 4.1 (33.6-44.4 x 3. 6-4.2) p. 

5- septate, 8 per cent, 47.1x3.7 (42.0-52.8x3.6-4.2) p. 
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On eornmeal agar, culture 38 days old; 

(a) Gouidia taken from a medium sized sporodochium : 

2- septate, 2 per cent, 27.6-4.2 p,. 

3- septate, 58 per cent, 34.1x4.2 (24.0-38.4x3.3-4.8) p. 

4- septate, 32 per cent, 38.3x4.5 (32.4-48.0x3.6-4.8) p.. 

5- septate, 8 per cent, 41.1x4.7 (38.4-43.2x4.5-4.8) p,. 

(b) Chlamydospores in conidia; 

0 -septate, 100 per cent, 9.7 x 8.9 (4.8-15.6x4.8-14.4) p. 

On potato tuber plug, culture 39 days old; conidia taken from a medium sized 
sporodochium: 

0-septate, 2 per cent, 38.4 x 4.8 p. 

2- septate, 6 per cent, 21.6x3.8 (20.4-22.8x3.6-4.2) p. 

3- septate, 78 per cent, 29.3 X 4.3 (20.4-38.4 x 3. 6-4.8 ) p. 

4- septate, 14 per cent, 32.7x4.5 (24.0-39.6 x 4.2-4. 8) p. 

On tomato stem, culture 39 days old; 

(a) Conidia from a small spcrodocMum : 

0- septate, 1 per cent, 38.4 x 4.2 p. 

1- septate, 1 per cent, 15.6 X 3.0 p. 

2- septate, 3 per cent, 32.8x4.1 (27.0-38.4x3.6-4.5) p. 

3- septate, 83 per cent, 36.8x4.4 (19.2-44.4x3.6-4.8) p. 

4- septate, 11 per cent, 41.1x4.4 (34.8-51.6x4.2-4.8) p. 

5- septate, I per cent, 40.8 x 4.8 p. 

(b) Chlamydospores in conidia: 

0- septate, 100 per cent, 8.3 x 6.6 (6.0-11.4 x4.8-7,8) p. 

On eornmeal agar, culture 90 days old; conidia taken from a medium sized 
sporodochium: 

1- septate, 1 per cent, 22.8 x 3.6 p. 

2- septate, 2 per cent, 21.0x3.9 (19.2-22.8 x3.6-4.2) p. 

3- septate, 40 per cent, 32.9 x 4.5 (24.0-39.6x3.6-5.4) p. 

4- septate, 47 per cent, 36.7x4.7 (30.0-50.4x4,2-5.4) p. 

5- septate, 8 per cent, 40.8x 4.7 (34.8-44.4 x 4.2-4. 8) p. 

7-septate, 2 per cent, 42.0 x 4.8 (39.6-44.4 x 4.8) p. 

On hard oat agar, culture 92 days old ; chlamydospores in conidia : 

0-septate, 100 per cent, 9.6 x 6.6 (6.0-16.8x 4.5-9.6) p. 

On tomato stem, culture 94 days old; chlamydospores in mycelium: 

0- septate, 92 per cent, 12.0x10.7 (7.8-19.2x7.2-15,6) p. 

1- septate, 8 per cent, 19.2 x 12.6 p. 

On locust stems, culture 105 days old; conidia taken from a medium sized 
sporodochium; 

0- septate, 4 per cent, 33.6x4.1 (30.0-37.2x3.6-4.5) p. 

3- septate, 92 per cent, 32.3x3.8 (21.5-44.5 x3.0-4,8) p. 

4- septate, 4 per cent, 41.2 x 4.2 p. 

Average of the above measurements 

Conidia: 0-septate, 30 per cent, 34,8x4.2 (30.0-41.6x3.7-4,6) p. 

1- septate, 3 per cent, 20.5 x 3.2 (19.4-21.4 x 3. 1-3,4) p. 

2- septate, 3 per cent, 28.4x4.0 (26.8-29,9x3.9-4.1) p. 

3- septate, 58 per cent, 33.4 x 4.3 (25.0-41.0 x 3.5-4.8) p, 

4- septate, 26 per cent, 38.6x4.4 (33.0-42.7 x3.8-4,8) p. 

3 Percentages calculated on the basis of cultures in which the indicated conidia were 
found— not on total number of cultures studied. 
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5-septate, 5 per cent, 44.0x4.5 (41.9-46.1x4.3-4.6) jit. 

7-septate, less than 1 per cent, 42.0x4.8 (39.6-44.4x4.8) jx. 

Chlamydospores ; 

(a) in eonidia, 0-septate, 99 per cent, 9.1 x 7.2 (5.7-13.6 x 4.7-10.5) p. 

(b) in mycelium, 0>septate, '96 per cent, 11.3x10.9 (6.9-16.8x7.2-15.6) p,. 

From a comparison with descriptions by Wollenweber (9), Sherbakoff 
(7) and Wollenweber et al. (10), if is evident that this fungus (Figs. 1 and 
.2) falls in the section Elegans.of the genus Fusarium, and within that 
group lies so close to Fmarium oxysporim Schlecht. emend. Wr. (6, 8) as to 
be considered a variety of this well-known species. It differs from F. oxy- 
spoTum in having slightly longer macroconidia, a higher percentage of 
4-septate spores, somewhat weaker development of the ‘‘foot’’ (Figs. 1 
and 2), and especially in its parasitism (see under pathogenicity, below). 
For these reasons it would seem that the gladiolus fungus should be made 
at least a new variety, the alternative being to make it a new species,^ 

PATHOUENIGITY 

The ability of Fusarium oxysponim NduH. gladioli to infect the gladiolus 
and produce lesions on corms typical of those from which the fungus has 
been isolated many times has been established through numerous' experi- 
ments both in the field and under greenhouse conditions. Infection takes 
place when the fungus is added to the soil before the corms are planted, 
when the corms are dipped in suspensions of spores from a pure culture 
and either planted in soil or else held in moist chambers in the laboratory, 
and when inoculations are made with the pathogene into newly developing 
corms from healthy corms planted in clean soil. 

On March 28, 1916, 12 plants, variety Meadowvale, growdng in the green- 
house bench were inoculated when they were from 8 to 10 inches in height. 
The soil was removed from about the corms and a bit of potato agar carry- 
ing the fungus was pressed against each of the uninjured corms. The in- 
oculum was then covered with cotton saturated with water, and the soil 
replaced. When an examination was made on April 12, at which time the 
experiment was discontinued, it was found that lesions typical of Fusarium 
rot were present on 8 of the 12 corms. Check plants remained healthy. 
The fungus was reisolated from these lesions and its identity determined. 

In the summer of 1921 infection was obtained by inoculating corms of 
the varieties Princeps, Augusta, Peace, Mrs. Francis King, America, Fire 
King, Meadowvale, and three unknown varieties, as wdl as Primulinus 

^Assistance in the determination of the fungus was given by Dr. C. D. Sherbakoff, 
who concurred with the writer in his decision that the fungus should be made a variety 
of P. oxysporum Schlecht. emend. "Wr. 
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FIg. 2. Macroconidia of Fusaritm oxyspomm var. gladioli, from medium sized sporo* 
docMum on sweet eloYer stem after 68 days. Photomicrograpli^ x 800. 
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Hybrids. These were growing in an experimental garden in soil in which 
no gladioli had ever been grown. The parent corms were planted June 1, 
and the corms developing from them were inoculated during August wdien 
they were approximately one inch in diameter. Of the 15 corms of each 
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Yariety inoculated, 5 were injured by making several cuts throngli the 
sheathing leaf bases into the body of the corms, and the remainder unin- 
jured. The inoculum was taken from a two months’ old culture of the 
fungus on sterilized wheat kernels. The method involved pulling away the 
soil from the base of the plant and pressing about six kernels of wheat carry- 
ing the fungus against the injured or uninjured surface. The inoculum was 
then covered with cotton saturated with water and the soil replaced. -Five 
plants of each lot were given similar treatment with the exception that the 
fungus was omitted. No evidences of disease, as indicated on plant parts 
above ground, developed prior to harvest in October, and the corms were 
not examined until the following January. Infection was obtained on all 
varieties, and the checks were found to be sound. The percentages of in- 
fection were 90 and 68, respectively, of those injured and uninjured. 

That infection may be obtained under artificial conditions was proved 
by the following experiment. Fifty large corms of the variety Mrs, Francis 
King were selected as being sound, no lesions being evident from a critical 
examination following the removal of the husks. They were then placed in 
50 per cent alcohol for 3 minutes, in 1-1,000 mercuric chloride for 15 
minutes, given five washings in distilled water, and then placed on moist- 
ened filter paper in moist chambers, 240 by 80 mm,, which had been 
sterilized previously. Two kinds of inoculum were used. The first con- 
sisted of bits of medium bearing the fungus, taken from a 9 -days old culture 
on potato agar; the second, a suspension of spores from sporodochia pro- 
duced on tomato stems. In the first case the method consisted in pressing the 
inoculum against the uninjured surface of the corms. In using the second 
type of inoculum, somewhat less than one cubic centimeter of the spore 
suspension was dropped into the depressions occurring naturally on the 
upper surfaces of the corms. Each inoculated lot consisted of 20 corms, 
and 10 corms were carried as checks. The moist chambers were kept in a 
constant temperature chamber at 25° C,, and water was added as needed to 
keep the filter papers saturated. 

The inoculations were made on April 30, 1921. On June 10, lesions 
measuring from one-half to one inch in diameter were present on all the 
inoculated corms. By July 15, the rot involved from one-half to the entire 
surface of the corms, and a mold-like growth of the fungus covered the 
lesions. This growth was powdery in appearance, due to the large numbers 
of spores, and numerous sporodochia also were present. The checks re- 
mained free from decay. 

Several o<ther experiments similar to the above have been conducted at 
various times and have always yielded a high percentage of infection. Some 
of the earlier experiments gave results indicating that varieties with dark 
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colored corms were more resistant than those with white and light yellow 
corms, but later experiments failed to substantiate this possibility. 

Infection has been secured by inoculating uninjured stems at a distance 
of 8 to 12 centimeters above the surface of the soil. In all cases the in- 
oculum was covered with cotton, which "was kept moist by adding water 
from time to time during the first week following inoculation. In about 
three weeks the rot had advanced down the stem to- below the soil line and 
had progressed above the point of inoculation about 5 centimeters. The 
foliage became yellow and died prematurely. 

No infection with F. oxyspomm var. gladioli has been obtained in several 
trials on living stems of tomato, pepper, egg-plant and potato. In one 
experiment, negative results were obtained on potato plants under condi- 
tions which yielded infection with a culture of F. oxyspomm obtained from 
Dr. C, D. Sherbakoff. The inoculations were made by introducing the fungi 
growing on wheat kernels into longitudinal slits in potato stems at about 
the surface of the soil. The plants were growdng in the greenhouse and 
were from 6 to 8 inches in height when inoculated. The stems at the point 
of inoculation were wrapped wdth moistened cotton which w’as not removed 
throughout the duration of the experiment. : Twenty . ^tems w^ere inoculated 
with each of the two fungi. The check consisted ofd:he same number of 
stems given similar treatment, except that no fungous growth was intro- 
duced into the stems along with the wheat kernels. 

The inoculations were made on August 15, 1925. On September 15 it 
was found that 15 of the 20 stems inoculated with F. oxyspomm were 
infected, as evidenced by the discoloration of the vascular tissues for a 
distance of about 2.5 centimeters below and 6.5 centimeters above the point 
of inoculation. No pronounced wilting was observed. Tissue plantings 
were made from these stems and the fungus obtained in culture. In the 
case of the gladiolus fungus, a very slight discoloration, less than 1.5 centi- 
meter in total extent, occurred at the point of inoculation, but there vrere no 
indications that the fungus was pathogenic to potatoes. It would seem, 
then, that the parasitism ot Fusa/rmm oxyspomm yslt. gladioli is not iden- 
tical with that ot Fusarium oxyspiorum from potatoes. 

TEMPERATURE RELATIONS 

Cultures of F. oxyspomm var. gladioli were established by transferring 
bits of a solid medium carrying mycelium to the center of petri dishes of 
equal size containing equivalent amounts of hard potato agar with 1 per cent 
dextrose. The medium was tested electrometrically and found to have a 
pH value of 7. After incubating all of the cultures for 21 hours at 20° C., 
they were divided into lots of four dishes each and each lot held for 10 



1926] 


Massey: Gladiolus Corm Rot 


521 


hours at the particular temperature at which it was to be kept throughout 
the experiment. This permitted the fungus to establish itself in the medium 
in the petri dish and eliminated errors that might have arisen from failure 
to allow sufficient time for temperature adjustments before making the 
initial measurements. The diameters of the thalli were then recorded and 
the rate and amount of subsequent growth determined by measuring the 
increases over the original diameters. Four cultures were placed in each 
of a series of temperature chambers with the following temperatures : 0°, 5°, 
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TEMPERATURE IN DEOREES CENTiaBADE 


Eig. 3. Relation of temperature to growth of "Fusarium osoys^porum var. gladioli on 
hard potato agar with 1 per cent dextrose in petri dishes. 

10°, 15°, 20°, 25°, 27.5°, 30°, 32° and 35° C. The diameters of the thalli 
at 116 hours were taken as a criterion of comparison, the results being 
represented graphically in figure 3. There is a gradual increase in rate of 
growth up to 25° with optimum near 27.5°, and a rapid drop beyond 30° C. 

CONTROL 

No* experiments in the control of this particular disease have been at- 
tempted. From what is known regarding the nature of the disease, its 
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cause and the life history of the pathogene, it would seem that the problem 
of control would not differ greatly from that of the hard rot and dry rot 
diseases. Eor the latter two, it has been found that sorting, with the elimi- 
nation of diseased corms, combined with a four or five years' rotation and 
proper handling of the corms at harvest and during storage are usually 
sufficient to keep the losses at a minimum. To be properly handled, the 
corms should be dug when they can be dried in the open for a day or two 
before being placed in storage. As little soil as possible, either adhering to 
or accompanying the corms, should be taken indoors. The old roots and 
adhering soil should be removed early during the storage period. 

Throughout the first month the storage house should be given maximum 
ventilation to carry off the moisture and to facilitate drying. As early as 
possible in sections with cold winters, as in New York State, the tempera- 
ture should be dropped to about 35° P., where it should be held through- 
out the winter. 

Besides maintaining a low temperature, any practices which lower the 
humidity of the air about the corms is to be recommended. In instances 
where their use is feasible, trays with slatted rather than solid bottoms are 
preferred, and these are best stacked in racks which will permit the move- 
ment of air on all sides of them. The corms should not be piled deeper than 
4 inches in the trays, and where possible should be stirred several times 
during the winter. Sorting, with the elimination of diseased corms, should 
be done late in the spring, since at this time the advanced stage of decay 
makes it easier to pick out those that are affected. 

SUMMARY 

Fusarium rot is an important disease of gladiolus corms in the United 
States. The disease probably occurs to some extent in all collections of 
gladioli of any considerable size. A description of the disease is given. 
Corms become infected in the field, and the rot advances during storage. 
Diseased corms in storage may be reduced to worthless mummies under 
favorable conditions for the disease, and the planting of infected corms fre- 
quently results in the death of plants in the field during mid-season. 

The pathogene, F%isariuni oxysporum var. gladioli n. var,, belongs to the 
section Elegans, differing from F, oxysporum Schlecht. emend. Wr. in cer- 
tain morphological characters and in its parasitism. Its morphological and 
cultural characters are recorded. 

On potato agar, the fungus grows over a range of from about 5° to 
35° C. Optimum gro-wth takes place at about 27.5° C. 

Infection was readily obtained on uninjured corms in the laboratory 
and on those growing in the greenhouse and experimental gardens. 
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Although no experiments on control were attempted, it is believed that 
sorting, with the elimination of diseased corms, together with crop rotation 
and the proper handling of co-rms at harvest and during storage, will 
greatly reduce losses from the disease. 

Cornell University, 

Ithaca^ N. Y. 
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EXPLANATION OP PLATE XXV 

Gorms affected with Fusarium oxysporum var. gladioU. A. Variety Prineeps, 
natural infection. B, E. Variety Fire King, natural infection. C. Variety Mrs. 
Francis King inoculated with pure culture of fungus isolated from Fire King and 
kept in moist chamber at 24° G. Photographed after 30 days. D. Variety America, 
natural infection. F. Unknown variety inoculated with pure culture of fungus isolated 
from Prineeps and kept in moist chamber at 24° C. Photographed after 28 days. 

All natural size with the exception of F which is x 1|. 
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SOME FACTORS AFFECTING THE PATHOGENICITY 
OF ACTINOMYCES SCABIES ^ 

G. B. Sanford2 

INTBODUCTION 

Common scab of potato-, Solamtm tiCberosum, caused by AcMnomyces 
scaMes (Tbaxter) Giissow, is prevalent and destructive. All attempts effec- 
tively to control the disease have failed. The potato scab pathogene is nor- 
mally a soil saprophyte, and its activities are therefore influenced by other 
soil microorganisms. There may be metabiotic or antibiotic relations be- 
tween these organisms, and these relations, as w'ell as the soil flora, may be 
altered when one or more of the physical or chemical factors of the soil are 
changed, but the degree of this modification and its effect on scab develop- 
ment is not well understood. 

A review of the work done for the control of potato scab previous to 
1914 has been given by Lutman and Cunningham (9). Drechsler (3) has 
studied the morphology of Actinomyces^ and Waksman (17) the physiology. 
Others have studied various methods of reducing scab. In addition to 
tuber disinfection, the principal preventive measure used has been to at- 
tempt to increase the acidity of the soil. This appears to have serious eco- 
nomic and other limitations on many potato soils, especially those having a 
high initial pH value and which are highly buffered. The plowing down 
of green crops, particularly rye, often is recommended as a control measure 
for potato scab, as the decomposition of organic matter thus put into the soil 
is assumed to increase soil acidity. 

OBJECTS OP THE INVESTIGATION 

The objects of this investigation were : to study the effect of tempera- 
ture, moisture, oxygen supply, soil reaction, and stimulatory substances on 
the germination, growth and pathogenicity of A. scabies; and to throw 
additional light on the nature of the control said to be obtained by plowing 
under a green crop of rye. 

iPublislied with the approval of the Director as Paper No. 618 of the Journal 
Series of the Minnesota Agricultural Experiment Station. 

2 Grateful acknowledgment is made to Professor E. C. Stakmaii for his assistance 
and helpful criticism during this study. 
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METHODS 

A synthetic dextrose-nitrate substrate was used for all studies, except 
where otherwise stated, the composition, being : KgHPO^, 1 gm; MgSO^, 0.5 
gm; KCl, 0.5 gm; FeSO^, trace; NaNOg, 2 gm; dextrose 30 gm; agar 18 
gm; distilled water 1000 cc. Agar slants in loosely plugged test tubes were 
found preferable to petri dish cultures. It was found advisable to add the 
spores^ in suspension to- the surface of the solid medium. Other methods 
will be described when necessary. A strain of A. scabies of tested patho- 
genicity was labelled ''B’’ and used in all studies, except where otherwise 
stated. 

EXPERIMENTAL RESULTS 

Tem'pe>raiure Belations 

The effect of temperature on spore germination has received attention 
by Shapovalov (15) and others, but a study of the influence of temperature 
on the pathogenicity of the strain of Aj scabies used in these experiments 
seemed advisable. 

Effect on growth and pathogenicity , Three strains of A, scabies (A, B 
and C) were used. Strains B and C were obtanied from S. A. Waksman, 
Rutgers College, N. J., and strain A was isolated by the writer and tested 
for pathogenicity. Duplicate cultures on nutrient agar slants were kept 
at the following temperatures: 7-8°, 10°, 13°, 16°, 19°, 22°, 24°, 26-27°, 
29-30°, 32°, 35°, 37-38° 0., and the growth recorded at 18-, 36-, 60-, 80- and 
160-hour intervals. This experiment was repeated three times. All three 
strains reacted alike. The data for strain B are given in table 1. 


TABLE 1 , — The ejfect of temperature on the growth of Actinomyces seahies, strain B 


Time 

in 

hours 

Temperature in degrees Centigrade 

7-8 

10 

13 

16 

19 

22 

24 26-27 29-30 

32 

35 

37-38 

18 

0 

0 

0 

0 

0 

Rate of growth^ 
1 2 

4 5 

4 

2 

0 

36 

0 

0 

0 

0 

1 

3 

4 

4 6 

5 

3 

0 

60 

0 

0 

0.5 

1 

4 

5 

6 

7 8 

6 

3 

1 

80 

0 

trace 

2 

3 

6 

7 

10b 

12c 10 

6 

2 

2 

160 

0 

5 ■ 

8 

9 

10 

11 

12c 

12c 10 

5 

2 

1 


a Estimated value given to the relative progress of cultures after germination. 

b Darkening. 

cDark. 


8 ^^Spores' ^ is used in the widest sense because both conidia and mycelial segments 
function as reproductive structures. 
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It is evident from results that the range of temperature for gro'wth in- 
creases with the time, and that germination and maturity take place sooner 
at the higher temperatures, with a corresponding decrease in vegetative 
growth. For instance, after 18 hours growth occurs between 22° and 35° C., 
while after 160 hours the range of temperature for growth extends from 
10° to 38° C. Although good growth and maturity are attained at the 
lower temperatures in a longer time, the optimum point for greatest vegeta- 
tive development and earliest maturity is 26-27° C. These results agree 
reasonably well with those of Lutman and Cunningham (9) who reported 
the optimum temperature to be 25° C. 

Jones, McKinney and Fellows (6) stated that scab developed best at 
about 22° C., and that the amount decreased toward 11° ‘and 30.5° C., where 
scab became negligible, as did also the yield of the tubers. They also sug- 
gested that the immediate effect of high temperature is more closely corre- 
lated with tuber development than with the growth of the pathogene. Scant 
growth of individual tubers, however, would not always explain the decrease 
of scab, because large scab pustules frequently form both on small and large 
tubers grown under field conditions. High temperatures may retard or 
prevent the growth of the scab pustule, subsequent to infection, but our 
knowledge of the process of tuber infection and scab development is insuffi- 
cient to permit of conclusions. 

The writer (14) obtained a maximum amount of scab in soils held at 
constant moisture content and temperatures of 14°, 17°, and 25° C.; and 
there was every indication that much scab would develop at at least two de- 
grees lower or higher than 14° and 23° respectively. These results, with 
those of the present study, indicate that the growth of the pathogene in 
pure cultures, within the range of temperatures tested, is fairly well corre- 
lated with the amount of scab which develops. It might be concluded that 
temperatures lower than 12° C. will largely prevent scab development under 
field conditions and that periodic fiuetuations between this point and 25° C. 
would not greatly affect the amount of scab. However, with various bio- 
logic and other factors, and a critical period for infection, temperature may 
prove to be more important in the field than it appeared to be under the 
controlled soil conditions tested. 

Effect on viability. To determine the thermal death point of A. scabies^ 
spores from a mature culture were soaked in water for thirty minutes and 
a very small portion of the spore suspension was put into 5 cc. of sterile 
water at the temperature under test. At ten- and twenty-minute intervals, 
portions were withdrawn and spread on cold agar plates to incubate. Re- 
peated tests showed that spores germinated after having been exposed for 
twenty minutes at 83° but not after exposure at 85° C. They failed to ger- 
minate when exposed for ten minutes at temperatures higher than 90° C. 
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Since the spores of the scab organism resisted such high temperatures, 
it was decided to test the efScacy of the hot formaldehyde treatment. Ex- 
periment showed that scab spores on tubers were killed when immersed for 
two minutes in the hot formaldehyde solution (2 pints to 30 gallons of 
water) at 53° C. It also seemed desirable to test the efficacy of the acidu- 
lated mercuric chloride treatment for killing spores, because, if successful, 
its use would obviate the difficulty of the heating required with the for- 
maldehyde treatment. The formula forind effective by Cunningham (1) 
for killing sclerotia ot BlikO'CtomOf solani was used. This method consists 
of soaking the tuber in a 1-1000 solution of mercuric chloride in water, to 
which has been added 5 cc. of commercial hydrochloric acid per liter. The 
tubers are kept moist for 24 hours after soaking. Experiments by the writer 
showed that this method was equally effective in killing spores of A. scabies 
and Rhizoctonia sclerotia. 

Oxygen Requirements 

Experiments were made to obtain more information on the relation of 
oxygen to the germination of the spores, the vegetative growth and fructifi- 
cation of A. scabiesj because the pathogenicity of this soil fungus and the 
development of scab may be modified by the available oxygen in the soil. 

Effect on germination and growth, A simple preliminary experiment 
suggested the strongly aerobic qualities of A. scabies. Six-agar slants were 
inoculated with a spore suspension of the organism. Three tubes were 
sealed, and three were loosely plugged with cotton. The very faint growth 
which appeared after 30 hours in the sealed tubes was a striking contrast to 
the abundant development in those which were loosely plugged. No further 
increase occurred in the sealed tubes during 30 days. Apparently the avail- 
able supply of oxygen had been exhausted during the first 30 hours. An- 
other experiment, using the Buchner tube apparatus with alkalinated pyro- 
gallic acid, demonstrated that the spores of A. scabies do not germinate in 
the absence of oxygen. 

The relation of pure oxygen and nitrogen gas to the germination of the 
spores of the scab organism was also tested. These gases were allowed to 
displace the air in culture flasks, and then the flasks were sealed. No 
spores had germinated in 30 days in either gas, but, when exposed again to 
air, those which had been in pure nitrogen germinated and grew well. The 
spores which had been in oxygen were dead. 

The effect of very limited and measurable amounts of oxygen on spore 
germination was also studied. Partial pressures, ranging from 0 to 29 
inches, were obtained in test tubes containing agar slants wffiich had been 
evenly inoculated with a spore suspension. Fresh inoculum was spread on 
the surface of the slants at the time the experiment was begun. The tubes 
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were fitted with riibber stoppers and glass tubes, and then sealed by heat 
after the air had been exhausted. By repeated experiment the results 
shown in table 2 were obtained. At zero partial pressure the spores required 
all the oxygen present in a 25 cc.-test tube to germinate and produce a very 
scant growth, while at a partial pressure of about 29 inches there was no 
visible sign of germination when examined microscopically. At a partial 
pressure of 28 inches short germ tubes appeared on some spores, but most of 
them did not germinate. The growth was very meager at a partial pressure 
of 27 inches. At partial pressures 25, 20, 15, 10, and 5 inches, a gradual 
increase in surface growth was evident over that obtained at a partial pres- 
sure of 27 inches, and increasingly higher percentages of spores also germi- 
nated at the lower partial pressures. The growth in the control tubes, 
which were loosely plugged with cotton, was in striking contrast to that at 
a partial pressure of 0 inches. 

Effect on maturity. The relation of a limited amount of oxygen to 
vegetative growth, fructification, and especially to maturity (the darkening 
process of aerial hyphae) of A, scabies was investigated. Three inoculated 
petri dish cultures were placed in a large desiccator, a quantity of alkali- 
nated pyrogallic acid calculated to absorb nearly all the oxygen was put at 
the base, and the cover sealed. White vegetative growth became evident in 
the control cultures in 24 hours and continued to increase, and on the fourth 
day the hyphae darkened rapidly. The test cultures grew as well as the 
controls up to the third day, but they failed to- darken or to develop further 
during eleven days. When air was admitted, the retarded cultures grew 
quickly. In twenty hours they had darkened very noticeably, and by forty- 
eight hours were almost as dark as the controls. No detached spores and 
segments of mycelium were evident when the retarded cultures were exam- 
ined on the eleventh day, but a later examination of the mature cultures 
revealed both the spores and segments common to ripe hyphae. 

Belation of quantity of oxygen fo partial pressure. While observing 
the germination and growth of A. scabies at the high partial pressures, it 
was suggested that the fungus might not be able to obtain the small quan- 
tity of oxygen left in the test tube ; that is, the quantity of oxygen and not 
the partial pressure becomes the limiting factor to growth. No data on this 
point were found in the literature. Accordingly, a partial pressure of about 
29 inches was obtained in two 25 cc. test tubes containing inoculated agar 
slants, and also in two 11,550 cc. bottles each containing one inoculated 
agar slant. The partial pressure was tested both in the large and small 
containers after ten days and found to have remained at about 29 inches. 
At this time, meager growth, similar to what had occurred in the test tubes 
at a partial pressure of 10-5 inches (see table 2) could be seen on the slant 
contained in each of the large bottles. The spores in the small test tubes at 
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FUSARIUM ROT OF GLADIOLUS CORMS 

L. M. M A S S E Y1 

The two most important fungous diseases of gladiolus corms are those 
to which the names hard rot (2) and dry rot (3) have been given. These 
are to be found in practically all collections of any size, whereas a third 
disease, Fusarium rot (4), is sometimes present in sufficient amount to be 
given equal rank in importance. 

Fusarium rot was observed as early as 1912, Although it received 
casual attention over a period of several years, no special investigation 
of it was undertaken by the writer until 1916. At about this time what 
seemed to be the same fungus was isolated from so many diseased corms 
sent to the Department of Plant Pathology at the New York State College 
of Agriculture that it was considered advisable to make a more intensive 
study of the disease and its cause. 

Diseased corms have been received from a sufficiently large number of 
growers in New York to warrant the conclusion that Fusarium rot is of 
general occurrence in this state. Corms affected with the disease also h^ve 
been received from Maryland, District of Columbia, New Jersey, Ohio, 
Indiana, Michigan, Wisconsin, Minnesota, California, and Ontario, Canada. 
Whether or not the plants were grown by the growers who sent the dis- 
eased material has not always been clear. However, with the general prac- 
tice of growers buying relatively large quantities of corms from one an- 
other, it seems probable that diseased corms have been distributed through- 
out the United States and that the disease occurs in some degree in all 
areas suitable to the growth and parasitism of the fungus. 

No instances of a high percentage of diseased corms in large collections, 
as is common in the case of both the hard rot and the dry rot, have come 
to the attention of the writer. In these latter diseases, especially hard rot, 
it is not uncommon to find over 90 per cent diseased corms in collections 
numbering several hundred thousands or more. However, three cases have 
been noted in which over 75 per cent of certain small lots of corms have 
been found to be affected with Fusarium rot. It is interesting to note that, 
whereas inoculation experiments indicate the absence of varietal differences 

1 The writer is indebted to the Boyce Thompson Institute for Plant Besearch for 
laboratory and greenhouse facilities placed at his disposal during part of the eouise of 
this investigation. 
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in susceptibility, yet in these three cases the disease was more or less re- 
stricted to certain varieties. 

Although certain workers have given attention to gladiolus diseases, 
literature contains no reference to this particular disease other than that 
made by the writer in 1922 (4). It is probable, because of the relatively 
greater importance of hard rot, dry rot and neck rot or scab (1), that these 
diseases have received first attention and that one or more of them were 
involved in eases where the identity of the disease is left uncertain in pub- 
lished accounts. 

SYMPTOMS OP THE DISEASE 

At the time of harvesting the eorms in the autumn, Pusarium rot lesions 
appear as small water-soaked spots. They are of a reddish-brown color and 
occur in most cases on the sides and lower halves of the corms (PI. XXV) . It 
is usually necessary to remove the husks (sheathing leaf bases) from the 
corms in order to see the lesions, although in some eases the husk is also 
diseased, as indicated by its discoloration and unusual brittleness. 

The rot advances during storage, the rate increasing with higher tem- 
peratures and increased humidities. Lesions are usually irregularly cir- 
cular in outline and range in size from one-fourth to one inch in diameter 
depending upon conditions of storage and time of year. The entire corm 
may become involved and reduced to a dry, brownish-black, worthless 
mummy due to the coalescence of two or more lesions. 

Perhaps the most characteristic symptom of this disease is the existence 
of prominent, irregularly concentric markings or ridges in the lesions (PI. 
XXV, C) . Unfortunately, the absence of these markings is not absolute proof 
that the disease is not Pusarium rot ; however, they occur more often than 
not, and the writer has never observed them in lesions produced in any 
other gladiolus disease. They have been observed consistently on diseased 
eorms of the varieties Pire King, Princeps and Mrs. Francis King. 

The lesions are generally somewhat sunken due to the rapid drying and 
shrinking of the tissues. The advancing margins are usually definite and 
slightly raised, with active lesions showing a narrow, watersoaked outer 
area, dark in color, which blends sharply into the healthy tissue. Diseased 
tissue is hard and in most cases not over 5 to 7 millimeters in thickness. As 
is true of the hard rot, dry rot and scab, the diseased tissue, especially of 
less active lesions, can he chipped out with the finger nail, leaving appar- 
ently healthy tissue beneath. 

The color of the lesions, although generally reddish-brown, varies some-, 
what with the variety affected. On Mrs. Francis King, hazeP is the pre- 
dominating color; and on Fire King the color range is from burnt sienna 
to bay, with older lesions almost black. 

2 Designations of colors are according to Eidgway (5). 
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Fiisarium rot is primarily a disease of stored corms, but certain condi- 
tions of disease in the field relate directly to the rot which advances during 
storage. Missing plants in the row may be due to the fact that the corms 
planted were worthless mummies, their rotted condition being concealed 
by the apparently healthy husks. Dwarfed, stunted plants, which fre- 
quently fail to produce blossoms, result from planting corms so severely 
diseased that they fail to develop root systems or conducting tissues suffi- 
cient to support the developing offspring. Diseased corms commonly decay 
prematurely in the field, saprophytes, in many if not most cases, playing an 
important role in the rapid disintegration of the tissues. 

In two instances the pathogene causing this disease has been isolated 
from the base of decaying stems, and in one instance from lesions on the 
roots. In other instances species of Fiisarium which might have been this 
fungus have been isolated from stems and roots, but the identities of the 
fungi were not determined absolutely. It seems certain, however, that the 
pathogene causing the corm rot may also cause a decay of the stem. 

When corms affected with the Fusarium rot are kept under very moist 
conditions, the lesions commonly become covered with a grayish, mold-like 
growth of the fungus (PI. XXV, A) . Corms in this condition have been re- 
ceived from growers. Only in relatively few cases, however, has the fungus 
present on the surface been proved to be the pathogene here described. 
Under such conditions, common saprophytes are to be expected. 

ETIOLOGY 

The Fusarium rot of gladiolus is caused by the fungus Fusarium oxy- 
sporum var. gladioli n. var. 

SOURCE OF PURE CULTURE 

The culture of Fusarium Teterred to in the following descriptions and 
experiments was isolated from a typically diseased corm of the variety Fire 
King on February 9, 1925, Tissue plantings were first made, and from a 
subsequent transfer a strain from a single spore was obtained. 

Simultaneously with the studies on,, which these descriptions are based, 
cultures of the fungus isolated from other varieties and reisolated from 
artificially infected corms have been studied sufficiently to eliminate any 
doubt of the strain from Fire King being pathogenic and being the one most 
commonly isolated from diseased corms. It is not maintained, however, that 
other Fusaria may not attack the gladiolus and cause corm rots similar to 
the one herein described. 
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MOEPHOLOGY 

The morphological characters (Figs. 1 and 2) of the organism, as deter- 
mined from cultures on varions media, are as follows : 

Microconidia numerous, dominantly 0-septate. Macroconidia gradually 
attenuated toward both ends, nearly cylindrical in the middle half of their 
length, somewhat pedicellate, and usually uniformly curved throughout; 



Fig. 1. Spores of Fiimnwm oxysporum X 2 ,r. gladiolL A. Macroconidia: 1, 10, 
from a medium sized sporodocliium on hard potato agar after 25 days; 2, from a medium 
feized sporodochium on. potato tuber plug after 39 days; 3, 4, 6, from a small sporo- 
doehium on tomato stem after 39 days; 5, 7, 8, from a large sporodochium on corn 
meal agar after 90 days; 9, 16, from a medium sized sporodochium on eommeal agar 
after 38 days; 11, from a small sporodochium on tomato stem after 30 days; 12, 13, 
14, 15, from a large sporodochium on tomato stem after 94 days. B, microconidia 
from culture on hard potato agar after 19 days. C, eonidiophore from culture 'on 
tomato stem after 8 days. B, ehlamydospores from culture on tomato stem after 94 
days. Outlined with camera lucida, x IGOO. 
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O-septate up to 98 per cent, 35x4.2 (30-42x3.7-4.6) [x; 1-septate tip to 6 
per cent, 20.5 x 3.2 (19-21 x 3.1-3.4) ix; 2-septate tip to 10 per cent, 28 x 4.0 
(27-30x3.9-4.1) ix; 3-septate, dominant, tip to 92 per cent, 33.4x4.3 (25- 
41x3.5-4.8) fx; 4-septate tip to 47 per cent, 39x4,4 (33-43x3.8-4.8) [x^ 
5-septate tip to 8 per cent, 44x4.5 (42-46x4.3-4.6) jx; 7-septate, less than 
1 per cent, 42x4.8 (40-44x4.8) tx. Ghlamydospores mostly 0-septate, ap- 
proximately globose and smooth-walled, intercalary or terminal, and com- 
monly present in conidia; in conidia, 0-septate, 9x7 (6-14x5-10) tx; in 
mycelium, 0-septate, 11 x 10 (7-17 x7-16) M-. Aerial mycelitim present on 
most media, typically white and well developed, loosely-cottony, np to 5 mm. 
in height. Sporodochia up to 2 mm. in diameter, forming in from 7 to 14 
days, typically salmon-buff in color. Bluish-black sclerotia present on 
potato tuber plug and commonly present on other media. 

CULTURAL CHARACTERS 

Fusarium oxysporum var. gladioli grown on the following media: 
cornmeal agar, with and without 5 per cent dextrose, in petri dishes, spore 
dilution cultures; hard potato agar neutral, wdth and without 5 per cent 
dextrose, in petri dishes and test tubes ; hard potato agar, made acid by the 
addition of one drop of 50 per cent lactic acid to 10 cubic centimeters of 
the medium, with and without 5 per cent dextrose, in petri dishes and test 
tubes; oatmeal agar, in petri dishes and test tubes ; lima bean agar, in test 
tubes; rice, 2 grams in 6 cubic centimeters of water in test tubes; potato 
tuber cylinders, in test tubes, no water added ; sweet clover, raspberry, 
tomato and potato stems in test tubes, each with 4 cubic centimeters of 
water added. The vegetable decoctions were prepared according to the 
formulae given by Sherbakoff (7, p. 105). All agar media contained 3 per 
cent agar. All media were autoclaved for 45 minutes at 10 pounds pressure, 
except rice, w^hich was steamed for one hour on three successive days. With 
the exception of cultures on cornmeal agar, which were spore dilutions, all 
were initiated by transferring bits of medium containing mycelium from 
other cultures. The cultures were kept in diffuse daylight at room tempera- 
ture (approximately 22° C.). 

No marked variations or unusual types of growth occurred on any of 
the media. It was not difficult to maintain the cultures in the state of 
HochkiiUur over a period sufficiently long to complete the taxonomic study. 
The intensity of color production was increased by the addition of lactic 
acid and of dextrose. The growdh rate, as measured by the diameter of 
the thalli in petri dishes, Was slightly retarded by the addition of the lactic 
acid and slightly increased by the addition of 5 per cent dextrose. Aerial 
mycelium was present and typically well developed in all cultures with the 
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exception o*f those in which the fungus was growing on cornmeal agar. 
It was 3 to 5 mm. in height, of a loose-cottony appearance becoming slightly 
more woolly and appressed with age, and dominantly white. In cultures 
where the aerial mycelium was colored, as for example, hard potato agar 
with 5 per cent dextrose, the color varied from pinkish vinaeeous through 
dark vinaeeous to ox-blood red, representing a diffused color of the stroma. 
On rice, when 60 days old, the aerial mycelium was dominantly white, 
ranging to pinkish vinaeeous. Sporodochia formation was retarded or 
entirely prevented by the addition of lactic acid or 5 per cent dextrose. 
Mature sporodochia were present in cultures on cornmeal agar with 1.5 per 
cent dextrose in 16 days, and abundant on oat agar in 24 days. They were 
formed readily and in large numbers on stems of raspberry, tomato, sweet 
clover, and potato-, being mature in about 14 days. They were typically 
salmon-buff in color. 

Only in those cultures in which the fungus was growing in decoctions 
to which dextrose or lactic acid, or both, had been added, and in cultures 
on rice and potato tuber plugs, did the substratum become colored. A deep 
purplish vinaeeous color developed in from 5 to 7 days. In about 15 
days, in petri dish cultures on potato agar, the color of the substratum be- 
came almost black in the center of the dish, grading to the outer edge 
through bordeaux, dark vinaeeous purple and ox-blood red. On rice, when 
60 days old, the substratum was dominantly pinkish vinaeeous, grading 
through dark vinaeeous to bluish-black deeper in the medium. 

In determining the size of the conidia, at least 50 and in some instances 
100 spores were measured. The measurements on the various media are as 
follows: 

On cornmeal agar, culture 16 days old; conidia taken from a small sporodocMum: 

0-septate, 98 per cent, 41.2x4.7 (30.0-50.4x4.2-6.0) (x. 

3 -septate, 2 per cent, 42x 4.8p,. 

On tomato stems, culture 18 days old; conidia taken from a large sporodochium : 

0-septate, 92 per cent, 31.5x4.6 (25.2-45.6x 3.6-5.4) 

3-septate, 8 per cent, 29.7 x 4.8 (25.2-37.2 x 4.8) p,. 

On tomato stems, culture 19 days old; conidia from a large sporodochium: 

0-septate, 30 per cent, 35.1 x4.1 (27.6-49.2 x 3.6-4.8) p. 

2- septate, 4 per cent, 33.6 x3.6 (31.2-36.0x3.6) p. 

3- septate, 52 per cent, 35.1 X 4.0 (27.0-48.0 x 3. 0-4.8 ) p. 

4- septate, 14 per cent, 43.0 X 4.1 (38.4-50.4 X 3. 6-4.8 )■ p. 

On potato stem, culture 21 days old; conidia from a medium sized sporodochium: 

0- septate, 34 per cent, 29.5x3.6 (21.6-36.0x3,0-1.2) p. 

1- septate, 2 per cent, 19.2 x 3.0 p. 

2- septate, 10 per cent, 26.2 x3.7 (19.2-31.2 x 3.6-3 .9) p. 

3- septate, 54 per cent, 29.8 x3.9 (24.0-36.0x3.0-4.8) p. 

On potato tuber plug, culture 21 days old; conidia taken from a small sporodochium: 

0-septate, 30 per cent, 32.8 x 4.2 (28.8-45.6 x3.6-4.8) p. 
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3 septate, 4.4 per cent, 30.4x4.3 (20.4-38.4 x 3.0-4.8) |i. . 

4-septate, 24 per cent, 35.0x4.5 (30.0-39.6x3.6-4.8) \x, 

5i-septate, 2 per cent, 37.2 x 4.2 jx. 

On sweet clover steins, culture 22 days oldj conidia taken from a small sporo- 
docliium: 

0- septate, 7 per cent, 27.8x4.0 (20.0-36.0x3.3-4.2) 

3- septate, 83 per cent, 32.6x4.3 (20.0-42.0x3.6-4.8) \i. 

4- septate, 10 per cent, 37.4x4.2 (33.6-40.8 x 3.6-4.8) ]x. 

On locust stems, culture 22 days old; conidia taken from a small sporodochium: 

1- septate, 4 per cent, 24.0 x3.3 (20.4-27.6 x3.0-3.6) jx. 

2- septate, 2 per cent, 31.2 x 3.6 jx. 

3- septate, 86 per cent, 31.3-4.1 (21.6-39.6x3.0-4.8) jx. 

4- septate, 8 per cent, 34.8 x4.0 (32.4-37.2 x3.6-4,5) |x. 

On hard oat agar, culture 23 days old; conidia from a large sporodochium: 

3- septate, 54 per cent, 34.7 x4.4 (26.4-46.2x 3.6-4.8) jx. 

4- septate, 44 per cent, 41.5x4.4 (34.8t-4S.0x4.2-4.8) IX. 

5- septate, 2 per cent, 45.6 x 4.2 p,. 

On hard oat agar, culture 25 days old; conidia taken from a medium sized 
sporodochium: 

0-septate, 2 per cent, 39.6 x 3.6 p. 

2- septate, 2 per cent, 32.4 x 4.8 p. 

3- septate, 48 per cent, 35.3x4.5 (24.0-45.6x3.6-4.8) p. 

4- septate, 40 per cent, 44.2x 4.5 (36.0-56.4 x 4, 2-4.8) p. 

5'Septate, 8 per cent, 47.1x4.4 (44.4-49.2x4.2-4,8) p. 

On hard oat agar, culture 25 days old; 

(a) Conidia taken from a medium sized sporodochium : 

3- aeptate, 71 per cent, 34.8 x 4.3 (25,2-44.4 x 3. 0-4.8) p. 

4- septate, 28 per cent, 39.1x4.5 (33.6-48.0 x 3.6~4.8) p. 

5- septate, 1 per cent, 55.8 x 4.8 p. 

(b) Chlamydospores in mycelium: 

0- septate, 100 per cent, 10.6 X 11.0 (6.0-14.4 x 7.2-15.6) p. 

On hard potato agar, culture 36 days old; 

(a) Conidia taken from a medium sized sporodochium: 

1- septate, 6 per cent, 20.8 X 3,2 (19.2-21.6 x 3. 0-3.6 ) p. 

2- septate, 2 per cent, 25.2 x 3.6 p. 

S-septate, 62 per cent, 33.8 x 4.1 (27.6-39.6 x 3. 6-4,8) p. 

4-septate, 30 per cent, 38.4 x 4.2 (36.0-45.6 x 3. 9-4.8 ) p. 

(b) Chlamydospores in conidia: 

0- septate, 98 per cent, 8,7 x 6,8 (6,0-10.8 x4.8-8.4) p. 

1- septate, 2 per cent, 9.6 x 6.0 p. 

On eornmeal agar, culture 36 days old; conidia taken from a large sporodochium: 

2- septate, 1 per cent, 19.2-3.6 p. 

3- septate, 55 percent, 33,2-4.2 (21.6-44,4x3.0-4.8) p. 

4- septate, 38 per cent, 38.1x 4.4 (32.4-48.0x3.6-4.8) p. 

5- septate, 6 per cent, 40.8 x 4.7 (38.4-45.6 x 4.2-4.8) p. 

On hard oat agar, culture 38 days old; conidia taken from a large sporodochium: 

3- septate, 74 per cent, 32.8x4.3 (26.4-39.6 x3.6-4.8) p, 

4- septate, 18 per cent, 39.6 x4.1 (33.6-44.4x 3.6-4.2) p. 

5- septate, 8 per cent, 47.1 x 3.7 (42.0-52.8x346-4.2) p. 
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On eonimeal agar, culture 38 days old 3 

(a) Conidia taken from a medium sized sporodocMum: 

2- septate, 2 per cent, 27.6-4.2 fx. 

3- septate, 58 per cent, 34.1x4.2 (24.0-38.4 x 3, 3-4.8 ) p,. 

4- septate, 32 per cent, 38.3 x 4.5 (32.4-48.0x3.6—4.8) p. 

5- septate, 8 per cent, 41.1 x 4.7 (38.4-43.2 x 4. 5-4.8 ) p. 

(b) Chlamydospores in conidia: 

0-septate, 100 per cent, 9.7 x 8.9 (4.8-15,6 x 4.8-14.4) p. 

On potato tuber plug, culture 39 days old; conidia taken from a medium sized 
SporodocMum : 

0“septate, 2 per cent, 38.4 x 4.8 p. 

2- septate, 6 per cent, 21.6x3.8 (20.4-22.8 x 3. 6-4.2) p. 

3- septate, 78 per cent, 29.3x4.3 (20.4-38.4 x 3.6-4.8) p. 

4- septate, 14 per cent, 32.7x4.5 (24.0-39.6 x 4.2-4. 8) p. 

On tomato stem, culture 39 days old ; 

(a) Conidia from a small sporodocMum: 

0- septate, 1 per cent, 38.4 x 4.2 p. 

1- septate, 1 per cent, 15.6 x 3.0 p. 

2- septate, 3 per cent, 32.8x4.1 (27.0-38.4 x 3.6~4.5) p. 

3- septate, 83 per cent, 36.8 x4.4 (19.2-44.4x3.6-4.8) p. 

4- septate, 11 per cent, 41.1x4.4 (34.8-51.6x4.2-4.8) p. 

5- septate, 1 per cent, 40.8 x 4.8 p. 

(b) Chlamydospores in conidia: 

0- septate, 100 per cent, 8.3 x 6.6 (6.0-11.4x4,8-7.8) p. 

On eornmeal agar, culture 90 days old; conidia taken from a medium sized 
sporodocMum : 

1- septate, 1 per cent, 22.8 x 3.6 p. 

2- septate, 2 per cent, 21.0 X 3.9 (19.2-22.8 x 3. 6-4.2 ) p. 

3- septate, 40 per cent, 32,9x4.5 (24.0-39.6x3.6-5.4) p. 

4- septate, 47 per cent, 36.7 x4,7 (30.0-50.4 x4.2-5.4) p. 

5- septate, 8 per cent, 40.8x4.7 (34.8-44.4 x 4.2-4. 8) p. 

7-septate, 2 per cent, 42.0 x4.8 (39,6-44.4x4.8) p. 

On hard oat agar, culture 92 days old; chlamydospores in conidia: 

0-septate, 100 per cent, 9.6 x 6.6 (6.0-16.8 x 4.5”9.6) p. 

On tomato stem, culture 94 days old; chlamydospores in mycelium: 

0- septate, 92 per cent, 12.0x10.7 (7.8-19.2x7.2-15,6) p. 

1- septate, 8 per cent, 19.2 X 12.6 p, 

On locust stems, culture 105 days old; conidia taken from a medium sized 
SporodocMum: , 

0- septate, 4 per cent, 33.6 X 4.1 (30.0-37.2 x 3.6-4,5) p. 

3- 5'eptate, 92 per cent, 32.3 x3.8 (21.5-44.5 x3.0-4.8) p. 

4- septate, 4 per cent, 41.2 x 4,2 p. 

Average of the above measurements : s 

Conidia: 0-septate, 30 per cent, 34.8x 4.2 (30.0-41.6 x3.7-4.6) p. 

1- septate, 3 per, cent, 20.5x3.2 (19.4-21.4 x 3. 1-3.4 ) p. 

2- septate, 3 per cent, 28.4 X 4.0 (26.8-29.9 x 3,9-4.1) p. 

3- septate, 58 per cent, 33.4x4.3 (25.0-41.0 x3.5-4.8) p. 

4- septate, 26 per cent, 38.6 x 4.4 (33.0-42.7 x 3.8-4.8) p. 

3 Percentages calculated on the basis of cultures in which the indicated conidia were 
found— not on total number of cultures studied. 
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5-septate, 5 per cent, 44.0 x4.5 (41.9-46.1 x4.3--4.6) \i. 

7-septatej less tliaii 1 per aeiit, 42.0x4.8 (39.6-44.4x4.8) pi, 

Chlamydospores : 

(a) in conidia, 0-septate, 99 per cent, 9.1 x 7.2 (5.7-13.6x4.7-10.5) pi. 

(b) in mycelium, 0 -septate, '96 per cent, 11.3 x10.9 (6.9-16.8x7.2-15.6) pt. 

From a comparison with descriptions by Wollenweber (9), Sherbako:fi^ 
(7) and Wollenweber et al. (10), it is evident that this fungus (Figs. 1 and 
.2) falls in the section Elegans .of the genus and within that 

group lies so close to Fusarium oxysporum Schlecht. emend. Wr. (6, 8) as to 
be considered a variety of this well-known species. It differs from F. oxy- 
sporum in having slightly longer macroeonidia, a higher percentage of 
4-septate spores, somewhat weaker development of the ^‘foot’^ (E^igs- 1 
and 2), and especially in its parasitism (see under pathogenicity, below). 
For these reasons it would seem that the gladiolus fungus should be made 
at least a new variety, the alternative being to make it a new species.^ 

PATHOGENICITY 

The ability of Fusarium oxysporum var. gladioli to infect the gladiolus 
and pi'oduce lesions on corms typical of those from which the fungus has 
been isolated many times has been established through numerous' experi- 
ments both in the field and under greenhouse conditions. Infection takes 
place when the fungus is added to the soil before the corms are planted, 
when the corms are dipped in suspensions of spores from a pure culture 
and either planted in soil or else held in moist chambers in the laboratory, 
and when inoculations are made with the pathogene into newly developing 
corms from healthy corms planted in clean soil. 

On March 28, 1916, 12 plants, variety Meadowvale, growing in the green- 
house bench were inoculated when they were from 8 to 10 inches in height. 
The soil was removed from about the corms and a bit of potato agar carry- 
ing the fungus was pressed against each of the uninjured corms. The in- 
oculum was then covered with cotton saturated with water, and the soil 
replaced. When an examination was made on April 12, at w^hich time the 
experiment was discontinued, it was found that lesions typical of Fusarium 
rot were present on 8 of the 12 corms. Check plants remained healthy. 
The fungus was reisolated from these lesions and its identity determined. 

In the summer of 1921 infection was obtained by inoculating corms of 
the varieties Princeps, Augusta, Peace, Mrs. Francis King, America, Fire 
King, Meadowvale, and three unknown varieties, as well as Primulinus 

4 Assistance in the determination of the fungus was given by Dr. 0. H. Sherbakoff, 
who concurred with the writer in his decision that the fungus should be made a variety 
of P, oxysporum Schlecht. emend. Wr. 
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Hybrids. These were growing in an experimental garden in soil in which 
no gladioli had ever been grown. The parent corms were planted June 1, 
and the corms developing from them were inoculated during August when 
they were approximately one inch in diameter. Of the 15 corms of each 





Fio. 2. Macroconidia of Fusarium ocoysporum var. gladioli, from medium sized sporo- 
docMum ou sweet clover stem after 63 days. Photomicrograph, x800. 
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yariety inoculated, 5 were injured by making several cuts tbrough the 
sheathing leaf bases into the body of the eorms, and the remainder unin- 
jured. The inoculum was taken from a two months’ old culture of the 
fungus on sterilized wheat kernels. The method involved pulling away the 
soil from the base of the plant and pressing about six kernels of wheat carry- 
ing the fungus against the injured or uninjured surface. The inoculum was 
then covered with cotton saturated with water and the soil replaced. Five 
plants of each lot were given similar treatment with the exception that the 
fungus was omitted. No evidences of disease, as indicated on plant parts 
above ground, developed prior to harvest in October, and the eorms were 
not examined until the following January. Infection was obtained on all- 
varieties, and the checks were found to be sound. The percentages of in- 
fection were 90 and 68, respectively, of those injured and uninjured. 

That infection may be obtained under artificial conditions was proved 
by the following experiment. Fifty large eorms of the variety Mrs. Francis 
King were selected as being sound, no lesions being evident from a critical 
examination following the removal of the husks. They were then placed in 
50 per cent alcohol for 3 minutes, in 1-1,000 mercuric chloride for 15 
minutes, given five washings in distilled water, and then placed on moist- 
ened filter paper in moist chambers, 240 by 80 mm., which had been 
sterilized previously. Two kinds of inoculum were used. The first con- 
sisted of bits of medium bearing the fungus, taken from a 9-days old culture 
on potato agar; the second, a suspension of spores from sporodochia pro- 
duced on tomato stems. In the first case the method consisted in pressing the 
inoculum against the uninjured surface of the eorms. In using the second 
type of inoculum, somewhat less than one cubic centimeter of the spore 
suspension was dropped into the depressio-ns occurring naturally on the 
upper surfaces of the eorms. Each inoculated lot consisted of 20 eorms, 
and 10 eorms were carried as cheeks. The moist chambers were kept in a 
constant temperature chamber at 25° C., and water was added as needed to 
keep the filter papers saturated. 

The inoculations were made on April 30, 1921. On June 10, lesions 
measuring from one-half to one inch in diameter were present on all the 
inoculated eorms. By July 15, the rot involved from one-half to the entire 
surface of the eorms, and a mold-like growth of the fungus covered the 
lesions. This growth was powdery in appearance, due to the large numbers 
of spores, and numerous sporodochia also were present. The cheeks re- 
mained free from decay. 

Several other experiments similar to the above have been conducted at 
various times and have always yielded a high percentage of infection. Some 
of the earlier experiments gave results indicating that varieties with dark 
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colored eorms were more resistant than those with white and light yellow 
corms, hut later experiments failed to substantiate this possibility. 

Infection has been secured by inoculating uninjured stems at a distance 
of 8 to 12 centimeters above the surface of the soil. In all cases the in- 
oculum was covered with cotton, which was kept moist by adding water 
from time to time during the first week following inoculation. In about 
three weeks the rot had advanced dowm the stem to* below the soil line and 
had progressed above the point of inoculation about 5 centimeters. The 
foliage became yellow and died prematurely. 

No infection with F. oxysponm var. gladioli has been obtained in several 
trials on living stems of tomato, pepper, egg-plant and potato. In one 
experiment, negative results were obtained on potato plants under condi- 
tions which yielded infection with a culture of F, oxysponcm obtained from 
Dr. C. D. Sherbakoif. The inoculations were made by introducing the fungi 
growing on wheat kernels intO' longitudinal slits in potato stems at about 
the surface of the soil. The plants were growing in the greenhouse and 
were from 6 to 8 inches in height when inoculated. The stems at the point 
of inoculation were wrapped with moistened cotton wdiich was not removed 
throughout the duration of the experiment. . Twenty ,^tems were inoculated 
with each of the two fungi. The check consisted of -the same number of 
stems given similar treatment, except that no fungous growth was intro- 
duced into the stems along with the wheat kernels. 

The inoculations were made on August 15, 1925, On September 15 it 
was found that 15 of the 20 stems inoculated 'with. F. oxysponm were 
infected, as evidenced by the discoloration of the vascular tissues for a 
distance of about 2.5 centimeters below and 6.5 centimeters above the point 
of inoculation. No pronounced wilting was observed. Tissue plantings 
were made from these stems and the fungus obtained in culture. In the 
ease of the gladiolus fungus, a very slight discoloration, less than 1.5 centi- 
meter in total extent, occurred at the point o-f inoculation, but there were no 
indications that the fungus was pathogenic to potatoes. It would seem, 
then, that the parasitism of Fusarium oxysponm var. gladioli is not iden- 
tical with that ot Fusarium oxysporum from potatoes. 

TEMPERATURE RELATIONS 

Cultures of F. oxysporum var. gladioli were established by transferring 
bits of a solid medium carrying mycelium to the center of petri dishes of 
equal size containing equivalent amounts of hard potato agar -with 1 per cent 
dextrose. The medium was tested electrometrically and found to have a 
pH value of T. After incubating all of the cultures for 24 hours at 20° C., 
they were divided into lots of four dishes each and each lot held for 10 
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hours at the particular temperature at which it was to be kept throughout 
the experiment. This permitted the fungus to establish itself in the medium 
in the petri dish and eliminated errors that might have arisen from failure 
to allow sufficient time for temperature adjustments before makiTig the 
initial measurements. The diameters of the thalli were then recorded and 
the rate and amount of subsequent growth determined by measuring the 
increases over the original diameters. Pour cultures were placed in each 
of a series of temperature chambers with the following temperatures : 0°, 5°, 



'Fig, 3. Belation of temperature to growtli of Fusarium oxysporum var. gladioli on 
hard potato agar with 1 per cent dextrose in petri dishes. 

10°, 15°, 20°, 25°, 27.5°, 30°, 32° and 35° C. The diameters of the thalli 
at 116 hours were taken as a criterion of com;0arison, the results being 
represented graphically in figure 3. There is a gradual increase in rate of 
growth up to 25° with optimum near 27.5°, and a rapid drop beyond 30° C. 

CONTROL . 

No- experiments in the control of this particular disease have been at- 
tempted. From what is known regarding the nature of the disease, its 
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cause and the life history of the pathO’gene, it would seem that the problem 
of control would not differ greatly from that of the hard rot and dry rot 
diseases. Eor the latter two, it has been found that sorting, with the elimi- 
nation of diseased corms, combined with a four or five years^ rotation and 
proper handling of the corms at harvest and during storage are usually 
sufficient tO’ keep the losses at a minimum. To be properly handled, the 
corms should be dug when they can be dried in the open for a day or two 
before being placed in storage. As little soil as possible, either adhering to 
or accompanying the corms, should be taken indoors. The old roots and 
adhering soil should be removed early during the storage period. 

Throughout the first month the storage house should be given maximum 
ventilation to carry off the moisture and to facilitate drying. As early as 
possible in sections with cold winters, as in New York State, the tempera- 
ture should be dropped to about 35° F., where it should be held through- 
out the winter. 

Besides maintaining a low temperature, any practices which lower the 
humidity of the air about the corms is to be recommended. In instances 
where their use is feasible, trays with slatted rather than solid bottoms are 
preferred, and these are best stacked in racks which will permit the move- 
ment of air on all sides of them. The corms should not be piled deeper than 
4 inches in the trays, and where possible should be stirred several times 
during the winter. Sorting, with the elimination of diseased corms, should 
be done late in the spring, since at this time the advanced stage of decay 
makes it easier to pick out those that are affected. 

SUMMARY 

Fusarium rot is an important disease of gladiolus corms in the United 
States. The disease probably occurs to some extent in all collections of 
gladioli of any considerable size. A description of the disease is given. 
Corms become infected in the field, and the rot advances during storage. 
Diseased corms in storage may be reduced to worthless mummies under 
favorable conditions for the disease, and the planting of infected corms fre- 
quently results in the death of plants in the field during mid-season. 

The pathogene, Fusarium oxysporum var. gladioli n. var., belongs to the 
section Elegans, differing from F. oxysporum Schlecht. emend. "Wr. in cer- 
tain morphological characters and in its parasitism. Its morphological and 
cultural characters are recorded. 

On potato agar, the fungus grows over a range of from about 5° to 
35° C. Optimum growth takes place at about 27.5° C. 

Infection was readily obtained on uninjured corms in the laboratory 
and on those growing in the greenhouse and experimental gardens. 
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Although no experiments on control were attempted, it is believed that 
sorting, with the elimination of diseased corms, together with crop rotation 
and the proper handling of corms at harvest and during storage, will 
greatly reduce losses from the disease. 

Cornell University, 

Ithaca, N. Y. 
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EXPLANATION OF PLATE XXV 

Corms affected with Fmariim o<Jcyspanim vqj. gladioU. A. Variety Princeps, 
natural infection. B, E. Variety Fire King, natural infection. C. Variety Mrs. 
Francis King inoculated with pure culture of fungus isolated from Fire King and 
kept in moist chamber at 24° 0. Photographed after 30 days. B. Variety America, 
natural infection. F. Unknown variety inoculated with pure culture of fungus isolated 
from Princeps and kept in moist chamber at 24° C, Photographed after 28 days. 

All natural size with the exception of F which is x 1§. 
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SOME PACTOES AFFECTING THE PATHOGENICITY 
OP ACTINOMYCES SCABIES ^ 

G. B. San FORD 2 

INTRODUCTION 

Common scab of potato*, Bolamim tuberosum, caused by AcMnomyces 
scabies (Thaxter) Giissow, is prevalent and destructive. All attempts effec- 
tively to* control the disease have failed. The potato scab pathogene is nor- 
mally a soil saprophyte, and its activities are therefore influenced by other 
soil microorganisms. There may be metabiotic or antibiotic relations be- 
tween these organisms, and these relations, as well as the soil flora, may be 
altered when one or more of the physical or chemical factors of the soil are 
changed, but the degree of this modification and its effect on scab develop- 
ment is not well understood. 

A review of the work done for the control of potato scab previous to 
1914 has been given by Lutman and Cunningham (9). Drechsler (3) has 
studied the morphology ot AciimmiyceSy and Waksman (17) the physiology. 
Others have studied various methods of reducing scab. In addition to 
tuber disinfection, the principal preventive measure used has been to at- 
tempt to* increase the acidity of the soil. This appears to have serious eco- 
nomic and other limitations on many potato soils, especially those having a 
high initial pH value and which are highly buffered. The plowing down 
of green crops, particularly rye, often is recommended as a control measure 
for potato scab, as the decomposition of organic matter thus put into the soil 
is assumed to increase soil acidity. 

OBJECTS OF THE INVESTIGATION 

The objects of this investigation were : to study the effect of tempera- 
ture, moisture, oxygen supply, soil reaction, and stimulatory substances on 
the germination, growth and pathogenicity of A. scabies; and to throw 
additional light on the nature of the control said to be obtained by plowing 
under a green crop of rye. 

1 Published with the approval of the Director as Paper No. 618 of the Journal 
Series of the Minnesota Agricultural Experiment Station, 

2 Grateful acknowledgment is made to Professor E. 0. Stakman for his assistance 
and helpful criticism during this study. 
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METHODS 

A synthetic dextrose-nitrate substrate was used for all studies, except 
where otherwise stated, the composition being: K2HPO4J 1 MgSO^, 0.5 
gm; KCl, 0.5 gm; PeS04, trace; NaNO.^, 2 gm; dextrose 30 gm; agar 18 
gm; distilled water 1000 ec. Agar slants in loosely plugged test tubes were 
found preferable to petri dish cultures. It was found advisable to add the 
spores^ in suspension to the surface of the solid medium. Other methods 
will be described when necessary. A strain of A, scabies of tested patho- 
genicity was labelled “ B"' and used in all studies, except where otherwise 
stated. 

EXPERIMENTAL RESULTS 

Temperature Belations 

The effect of temperature on spore germination has received attention 
by Shapovalov (15) and others, but a study of the influence of temperature 
on the pathogenicity of the strain of Af scabies used in these experiments 
seemed advisable. 

Effect on growth and pathogenicity. Three strains of A. scabies (A, B 
and C) were used. Strains B and C were obtanied from S. A. Waksman, 
Rutgers College, N. J., and strain A was isolated by the writer and tested 
for pathogenicity. Duplicate cultures on nutrient agar slants were kept 
at the following temperatures : 7-8°, 10°, 13°, 16°, 19°, 22°, 24°, 26-27°, 
29-30°, 32°, 35°, 37-38° C., and the growth recorded at 18-, 36-, 60-, 80- and 
160-hour intervals. This experiment was repeated three times. All three 
strains reacted alike. The data for strain B are given in table 1. 


TABLE 1 . — The effect of tem'perature on the growth of Actinomyces scahieSj strain B 


Time 

in 

hours 




Temperature in degrees Centigrade 




7-8 

10 

13 

16 

19 

22 

24 26-27 29-30 

32 

35 

37-38 

18 

0 

0 

0 

0 

0 

Bate of growtha 
1 2 

4 5 

4 

2 

0 

36 

0 

0 

0 

0 

1 

3 

4 

4 6 

5 

3 

0 

60 

0 

0 

0.5 

1 

4 

5 

6 

7 8 

6 

3 

1 

80 

0 

trace 

2 

3 

6 

7 

lOD 

12c 10 

6 

2 

2 

160 

0 

5 

8 

9 

10 

11 

12c 

12c 10 

5 

2 

1 


a Estimated value given to the relative progress of cultures after germination, 
b Barkening, 
c Bark. 


3^^Bpores’^ is used in the widest sense because both eonidia and mycelial segments 
function as reproductive structures. 
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It is GYident from results that the range of temperature for growth in- 
creases with the time, and that germination and maturity tahe place sooner 
at the higher temperatures, with a corresponding decrease in vegetative 
growth. For instance, after 18 hours growth occurs between 22° and 35° C., 
while after 160 hours the range of temperature for growth extends from 
10° to 38° C. Although good growth and maturity are attained at the 
lower temperatures in a longer time, the optimum point for greatest vegeta- 
tive development and earliest maturity is 26-27° C. These results agree 
reasonably well with those of Lutman and Cunningham (9) who reported ^ 
the optimum temperature to be 25° C. 

Jones, McKinney and Fellows (6) stated that scab developed best at 
about 22° C., and that the amount decreased toward 11° 'and 30.5° C., where 
scab became negligible, as did also the yield of the tubers. They also sug- 
gested that the immediate effect of high temperature is more closely corre- 
lated with tuber development than with the growth of the pathogene. Scant 
growth of individual tubers, however, would not always explain the decrease 
of scab, because large scab pustules frequently form both on small and large 
tubers grown under field conditions. High temperatures may retard or 
prevent the growth of the scab pustule, subsequent to infection, but our 
knowledge of the process of tuber infection and scab development is insuffi- 
cient to permit of conclusions. 

The writer (14) obtained a maximum amount of scab in soils held at 
constant moisture content and temperatures of 14°, 17°, and 25° C. ; and 
there was every indication that much scab would develop at at least two de- 
grees lower or higher than 14° and 23° respectively. These results, with 
those of the present study, indicate that the growth of the pathogene in 
pure cultures, within the range of temperatures tested, is fairly well corre- 
lated with the amount of scab which develops. It might be concluded that 
temperatures lower than 12° C. will largely prevent scab development under 
field conditions and that periodic fluctuations between this point and 25° C. 
would not greatly affect the amount of scab. However, with various bio- 
logic and other factors, and a critical period for infection, temperature may 
prove to be more important in the field than it appeared to be under the 
controlled soil conditions tested. 

Effect on viability. To determine the thermal death point of A. scabies^ 
spores from a mature culture were soaked in water for thirty minutes and 
a very small portion of the spore suspension was put into 5 cc. of sterile 
water at the temperature under test. At ten- and twenty-minute intervals, 
portions were withdrawn and spread on cold agar plates to incubate. Ee- 
peated tests showed that spores germinated after having been exposed for 
twenty minutes at 83° but not after exposure at 85° C. They failed to ger- 
minate when exposed for ten minutes at temperatures higher than 90° C. 
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Since the spores of the scab organism resisted such high temperatures, 
it was decided to test the efficacy of the hot formaldehyde treatment. Ex- 
periment showed that scab spores on tubers were killed when immersed for 
two minutes in the hot formaldehyde solution (2 pints to 30 gallons of 
water) at 53“ G. It also seemed desirable to test the efficacy of the acidu- 
lated mercuric chloride treatment for killing spores, because, if successful, 
its use would obviate the difficulty of the heating required wdth the for- 
maldehyde treatment. The formula found effective by Cunningham (1) 
for killing sclerotia of Bhizactonm solani was used. This method consists 
of soaking the tuber in a 1-1000 solution of mercuric chloride in water, to 
which has been added 5 ec. of commercial hydrochloric acid per liter. The 
tubers are kept moist for 24 hours after soaking. Experiments by the writer 
showed that this method was equally effective in killing spores of A. scabies 
and Rhizoctonia sclerotia. 

Oxygen Requirements 

Experiments were made to obtain more information on the relation of 
oxygen to the germination of the spores, the vegetative growth and fructifi- 
cation of A. scabiesj because the pathogenicity of this soil fungus and the 
development of scab may be modified by the available oxygen in the soil. 

Effect on germination and growth. A simple preliminary experiment 
suggested the strongly aerobic qualities of A. scabies. Six agar slants were 
inoculated with a spore suspension of the organism. Three tubes were 
sealed, and three were loosely plugged with cotton. The very faint growth 
which appeared after 30 hours in the sealed tnbes was a striking contrast to 
the abundant development in those which were loosely plugged. No further 
increase occurred in the sealed tubes during 30 days. Apparently the avail- 
able supply of oxygen had been exhausted during the first 30 hours. An- 
other experiment, using the Buchner tube apparatus with alkalinated pyro- 
gallie acid, demonstrated that the spores of A. scabies do not germinate in 
the absence of oxygen. 

The relation of pure oxygen and nitrogen gas to the germination of the 
spores of the scab organism was also tested. These gases were allowed to 
displace the air in ciilture flasks, and then the flasks were sealed. No 
spores had germinated in 30 days in either gas, but, when exposed again to 
air, those which had been in pure nitrogen germinated and grew well. The 
spores which had been in oxygen were dead. 

The effect of very limited and measurable amounts of oxygen on spore 
germination was also' studied. Partial pressures, ranging from 0 to 29 
inches, were obtained in test tubes containing agar slants which had been 
evenly ihGculated with a spore suspension. Fresh inoculum was spread on 
the surface of the slants at the time the ex]Deriment was begun. The tubes 
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were fitted with rubber stoppers and glass tubes, and then sealed by heat 
after the air had been exhausted. By repeated experiment the results 
shown in table 2 were obtained. At zero partial pressure the spores required 
all the oxygen present in a 25 cc.-test tube to germinate and produce a very 
scant growth, while at a partial pressure of about 29 inches there was no 
visible sign of germination when examined microscopically. At a partial 
pressure of 28 inches short germ tubes appeared on some spores, but most of 
them did not germinate. The growth was very meager at a partial pressure 
of 27 inches. At partial pressures 25, 20, 15, 10, and 5 inches, a gradual 
increase in surface growth was evident over that obtained at a partial pres- 
sure of 27 inches, and increasingly higher percentages of spores also germi- 
nated at the lower partial pressures. The growth in the control tubes, 
which were loosely plugged with cotton, was in striking contrast to that at 
a partial pressure of 0 inches. 

Effect on maturity. The relation of a limited amount of oxygen to 
vegetative growth, fructification, and especially to maturity (the darkening 
process of aerial hyphae) of A, scabies was investigated. Three inoculated 
petri dish cultures were placed in a large desiccator, a quantity of alkali- 
nated pyrogallic acid calculated to absorb nearly all the oxygen was put at 
the base, and the cover sealed. White vegetative growth became evident in 
the control cultures in 24 hours and continued to increase, and on the fourth 
day the hyphae darkened rapidly. The test cultures grew as well as the 
controls up to the third day, but they failed to- darken or to develop further 
during eleven days. When air was admitted, the retarded cultures grew 
quickly. In twenty hours they had darkened very noticeably, and by forty- 
eight hours were almost as dark as the controls. No detached spores and 
segments of mycelium were evident when the retarded cultures were exam- 
ined on the eleventh day, but a later examination of the mature cultures 
revealed both the spores and segments common to ripe hyphae. 

Relation of qiiantity of oxygen fo partial pressure. While observing 
the germination and growth of A. scabies at the high partial pressures, it 
was suggested that the fungus might not be able to obtain the small quan- 
tity of oxygen left in the test tube; that is, the quantity of oxygen and not 
the partial pressure becomes the limiting factor to growth. No data on this 
point were found in the literature. Accordingly, a partial pressure of about 
29 inches was obtained in two 25 cc. test tubes containing inoculated agar 
slants, and also in two 11,550 cc. bottles each containing one inoculated 
agar slant. The partial pressure was tested both in the large and small 
containers after ten days and found to have remained at about 29 inches. 
At this time, meager growth, similar to what had occurred in the test tubes 
at a partial pressure of 10-5 inches (see table 2) could be seen on the slant 
contained in each of the large bottles. The spores in the small test tubes at 
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the same partial pressure failed to germinate. The experiment was repeated 
three times with consistent results. These results suggest that this fungus is 
able to obtain practically all the oxygen left in a large Yolume, regardless 
of partial pressure. Therefore, it appears that quantity of .oxygen, and 
not partial pressure, is the limiting factor to germination and subsequent 
development of A, scabies. 

These studies show that A. scabies is very dependent on an abundant 
oxygen supply for quick germination and rapid vegetative development, and 
also for the ripening process, which means the darkening of the aerial 

TABLE 2. — The effect of mrious quantities^ of oxygen on spore gemvination and 
growth of Actinomyces scabies 


Partial 
pressure 
in inelies 


29 

28 

27 

25 

20 

15 

10 

5 

0 

OontroP 


G-rowthb and germination of spores 
after 

24 hrs. 48 lirs. 72 hrs. 15 days 


0 

0 

1 

2 

2 

2 

3 

3 

5 

25 


2 

3 

3.5 

6 


75 


95 


0 

0 

1 

2 

2 

2 

3 

4 
6 

100 


Bemarks 


No germination 

Short germ tubes on a, few spores 
Extremely meager growth 
More spores germinated; meager 
growth 

do 

Better germination 
Paint growth 
Paint growth 
Better growth 

Excellent ashen colored growth after 
72 hours 


a Obtained by partly exhausting the air from a 25 ce. space in test tubes; barometer 
reading 72.6 cm. 

Estimated relative value of growth at 26° C. 
c Cultured in loosely plugged test tubes. 

hyphae accompanied by easy disintegration of hyphal segments and spores 
for inoculum. No definite data have been secured relative to oxygen re- 
quirements in the soil, or the oxygen-supplying ability of soils of various 
types and moisture contents; but it seems quite probable that lack of suffi- 
cient oxygen is often an important factor in limiting sporulation, spore 
germination and vegetative development of the pathogene in the soil. This 
would then affect the ability of the parasite to cause infection and may help 
to explain why scab is not so prevalent in wet soils as in drier ones. 

Moisture Relationships 

, Prom 1920 to 1923 the writer (13, 14) found that very little scab oc- 
curred when the soil was kept constantly very moist, but abundant scab 
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appeared in the same soil kept Yery dry. It was shown that the control 
obtained in the moist soil was not due to increased acidity, because the dry 
soil proved slightly more acid than when wet. It was thought that the 
pathogene might not sporulate as well in saturated soil air, or, possibly, 
the germination and growth might be delayed by the excess soil moisture 
around the spores. 

Growth on solid media,. Equal portions of spore suspension were spread 
on nutrient agar in petri dishes and cultured in various relative humidities, 
ranging from 1 to about 95 per cent. Saturated solutions of the follow- 
ing chemicals were used to obtain the relative humidities indicated ; 
less than 1 per cent; LiCl, 7,16 per cent; CaGlj, 25.94 per cent; NaOH, 



Fig. 1. Growtli of A, scabies at various relative humidities. Note delayed germinatiou 

aud growth in second flask. 


30.72 per cent; AICI 3 , 37.1 per cent; Cu(N 03 ) 2 , 45.7 per .cent; NaCl, 73.7 
per cent; NaNOg, 80 per cent; KgSO^, 89.7 per cent; distilled water 90 to 
about 95 per cent. Owing to tlie surface condition of the agar when dried 
too quickly, no satisfactory data were obtained by this preliminary trial, 
although it was evident that excess water on the substrate delayed growth. 
In another experiment, saturated air was led successively through distilled 
water, and a saturated solution of sodium nitrate and sodium chloride. 
Between each of these solutions, and connected with them, was a 200 cc. 
flask containing 10 cc. of nutrient agar and 0.5 cc. of spore suspension over 
the surface of the medium. Within 15 hours vigorous growth appeared in 
the flask whose humidity was controlled by sodium nitrate, but not until 
after 60 hours in the flask whose humidity was determined by distilled water 
(figure 1) . Final inspection showed that the cultures retarded by excess 
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moistui’e still lagged in development behind those getting an optimum start. 
This experiment was repeated a number of times. It is suspected that the 
film of water around the spores remained longer at the higher humidity 
than at the lower ones, possibly limiting the oxygen supply. It was re- 
peatedly observed that dry spores put intO' water tend to remain on top, 
but, if the liquid is shaken frequently and the spores kept immersed, germi- 
nation may be greatly delayed. If left, however, the spores on top ger- 
minate, while those immersed usually remain dormant. It was found that 
optimum conditions, good vegetative growth can be secured in 24 hours, 
spore suspension evenly over the surface of agar slants in loosely plugged 
test tubes, and incubating them in an upright position at 27° 0. Under 
optimum conditions, good vegteative growth can be secured in 24 hours, 
and a fair degree of maturity (as indicated by the dark color of the aerial 
growth) in 48 to 60 hours, but this may be greatly postponed by less favor- 
able conditions, even at optimum temperature. - 

Tiahiliiy of spores. Studies were made to determine the effect of rela- 
tive humidities at various temperatures on the viability of the spores of 
A. scabies. A small amount of the aerial hyphae from mature cultures was 
placed in small sterile phials. These were lightly plugged and placed in 
sealed jars. Relative humidities of approximately 95, 80, 46, 37, 7 and 1 
per cent were obtained by using distilled water, saturated solutions of so- 
dium nitrate, copper nitrate, aluminium chloride, lithium chloride, and con- 
centrated sulphuric acid, respectively. A series of each was incubated at 
30°, 26° and 12° C., respectively. Viability tests were made each month. 
After six months, the spores germinated well, regardless of temperature or 
humidity. 

Soil moisture and increase of inoculum. The amount of inoculum in the 
soil during the susceptible period of the tuber is an important factor in- 
fluencing the amount of infection. The soil dilution and plate method was 
used to determine the relative effect of moist and dry soils on the increase 
of inoculum. Eight grams of finely-sifted, oven-dry soil was put into a 
200 cc. flask and sterilized with dry heat. Five cc. of spore suspension was 
put into each flask, and after the moisture in the inoculum had diffused, the 
soil was thoroughly mixed, then various additional amounts of sterile water 
were pipetted into the flasks and distributed as evenly as possible. The cul- 
ture flasks were in triplicate in each series. Provision was made for aera- 
tion, and the soil cultures set to incubate in a high humidity at 26° C. for 
30 days. Dilutions were made by adding enough sterile water to the flasks 


so that each would finally contain 100 cc. The contents of each flask were 
then emptied into 900 cc. of sterile water. After shaking and allowing the 
contents to* settle for 30 seconds, a 100 cc. portion was withdrawn from a 
uniform depth and introduced into another 900 cc. of water. Further 
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dilutions of 10-90 ec. were made, and a 1 cc. portion of the final dilution 
was pipetted into each of four culture plates. This method of dilution was 
used to reduce the error arising from the possible unequal distribution of 
the inoculum added to the culture flasks, and the very high probable error 
that was found by repeated trials to exist when only 1 cc. portions were 
withdrawn from the first dilution. Even this method leaves much to be 
desired, as the probable error is still high. 

The results shown in table 3 indicate that the inoculum failed to in- 
crease in the driest soil (6,25 per cent), but at 10, 15, 21.2 and 27 per cent 
soil moistures it continued to increase until it reached about five-fold its 
original amount. A sudden decrease is observed at 33.7 per cent soil mois- 
ture. Possibly this is on account of the lack of fructification, caused by 
the hyphae in the very moist soil retaining their vegetative state and failing 
to break up into segments. The increase at 37 per cent soil moisture is ab- 
normal since in this excessively wet soil the spores were carried by free 
water to the surface, where they germinated, and where sporulation later 
occurred. 

TABLE 3. — The effect of soil moisture on increasing the inoculum of Actinomyces 
scaMes cultured in a sandy loam 


Soil moisture in per cent ..... 

6.25 

10 

15 

21.2 

27 

33.7 

37 

Average no. colonies ob- 
tained from diluting 80 
grams soil 

7.1 

20.2 

31 

38 

34 

17 

45a 

Per cent increase over con- 
trol (7.1) 


184.5 

336.6 

435.2 

378.8 

139.4 

533.8 


a This abnormal increase is the result of surface growth on the excessively wet soil. 


Soil moisture and scab development. According to the results of the 
previous experiment and the behavior of the pathogene on nutrient agar, 
favorable conditions for production of abundant inoculum, and for subse- 
quent growth, would not be found either in excessively dry or in very 
moist soil but in one of intermediate moisture content. However, the writer 
(13, 14) found that a maximum amount of scab may develop in a very dry 
soil. 

In one instance tubers developed to maturity in soils having about 4 per 
cent of moisture by weight (oven-dry basis). The water was led.by a tube 
below the surface soil, in 'which the tubers formed, to the roots of the plant. 
It was thought sufficient moisture transpired from the tuber in so dry a 
soil to enable the spores adhering closely to the surface, or about the len- 
ticels, to germinate, and that the germ tubes grew toward the source of 
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moisture. Perhaps increased infection of the tuber in dry soils may be due 
to a hydrotropic response, or the lentieel structure and hydrotropism both 
may affect it. When once established on the host, the pathogene would 
develop regardless of the lack of soil moisture, and a dry soil would allow 
good aeration. Lutman (8) states that scab may originate at any place on 
the surface of the tuber, and that it most frequently occurs at the lenticels. 
From extensive observation, the writer believes that the lenticels are the 
principal infection courts, and are the centers from which the typical scab 
pustules develop. It is common knowledge that the proliferation of the 
lenticels of potatoes is increased in wet soils, and it is quite possible that 
there is a close correlation between early lentieel growth in dry soils and 
susceptibility to the scab pathogene. 

The possibility of the growing tuber exerting a chemical stimulus on 
the" spores of the scab organism, or on the germ tubes, was not overlooked. 
Prom repeated experiment there was no indication that the tissue of young 
or old tubers, or of potato leaves, stimulated the germination of the spores 
of A. scabies. 

The writer (13,14) twice reported a critical period of susceptibility to 
scab infection. This occurred during the first ten days of tuber develop- 
ment. With a critical period for infection, the relation of soil moisture to 
scab development becomes very important. Young tubers may escape in- 
fection during this period if excessive soil moisture or other unfavorable 
factors inhibit the growth of the pathogene, and, likewise, an effective means 
of control must exert its greatest influence at this time. 

Relation of Soil Reaction to Germination and Growth 

Gillespie (4) concluded from a study of several cultures of Actinomyces 
scabies y ih.a.t a pH of 5.2 is about the lower limit for growth. Slight de- 
velopment occurred in few instances at pH 4.8. 

The effect of hydrogen-ion concentration on the growth and spore ger- 
mination of the strain used in these experiments was determined. A wide 
range of pH was obtained by adjusting Czapek^s synthetic dextrose-nitrate 
solution, as recommended by Karrer and Webb (7). Twenty cc. of sterile 
solution thus made up were measured into 200 cc. pyrex flasks, loosely 
plugged, then 1 cc. of spore suspension was added, and the flasks set to 
incubate at 26° C. Electrometric determinations were made of the initial 
reaction of each series, with and without inoculum, and this was repeated 
in ten days in the acid series, and in 48 hours in the alkaline series, in order 
to note any change in reaction. The solutions containing inoculum soon 
became alkaline, depending on the rate of growth. Notes were taken on the 
time required for growth to appear, its relative progress and final develop- 
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ment. Each series was in triplicate, and the whole experiment was repeated 
three times. The results are summarized in table 4. 

Evidently pH 5.36 is about the limiting acidity for germination of the 
strain of A. scabies used in the test, since microscopic examination at the 
end of £0 days showed no evidence of spore germination at this reaction. 
Possibly other pathogenic strains of A. scabies have a different limiting pH 
value for germination. A few slow growing colonies appeared on the sev- 
enth day at pH 5.56. At pH 6.95 to pH 9.82^-9.05, visible growth occurred 
in 48 hours. For the first three days there was a constant tendency for 
earlier and better growth above than below pH. 8.30, but after this period 
the cultures growing in the media with initial pH ranging from 6.48 to 8,68 


TABLE L—The estimated growth progress of Actinomyces scaMes, at ^6° C, on 
Czapelc^s solution at diif event hydrogen-ion concentrations. 


Culture - 

pH value of medium 

Growth progress at various day intervals 

Initial 

After 10 days 

2 

3 

4 

5 

7 

20 

1 

4.52 

4.50 

0 

0 

0 

0 

0 

0 

2 

4.70 

4.70 

0 

0 

0 

0 

0 

0 

3 

4.87 

4.86 

0 

0 

0 

0 

0 

0 

4 

5,21 

5.20 

0 

0 

0 

0 

0 

0 

5 

5.36 

5.37 

0 

0 

0 

0 

0 

0 

6 

5.56 

5.83b 

0 

0 

0 

0 

tr. 

4c 

7 

5.69 


0 

0 

tr. 

1 

i 2 

6 

8 

6.08 


0 

1 

3 

7 

8 

8 

9 

6.48 


0 

1 

4 

8 

10 

10 

10 

6.85 


0 

2 

6 

9 

10 

10 

11 

6.95 


tr. 

2 

6 

9 

10 

10 



After 48 









hours 







12 

7.16 


tr. 

2 

7 

9 

10 

10 

13 

7.56 

7.51 

tr. 

3 

7 

9 

10 

10 

14 

7.76 

7.66 

tr. 

3 

7 

9 

10 

10 

15 

8.38 

8.30 

1 

4 

7 

9 

10 

10 

16 

8.68 

8.51 

2 

6 

8 

9 

10 

10 

17 

9.31 

8.80 

2 

6 

8 

9 

9 

9 

18 

9.43 

8.88 

2 

6 

8 

8 

8 

9 

19 

9.82 

9.05 

2 

6 

8 

8 

8 

8 

20 

10.21 

9.34 

0 

0 

2 

4 

5 

7 


a 0 = no growth; tr, = trace; 1 := faint; 2 = plainly visible; 4 fair; 6 = good; 
10 = excellent. 

b Determination made from growing culture. 
cPew well developed colonies. 

4 The first figure is the initial reaction, the second that obtained after 48 hours. 
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seemed to have made more vegetative growth and to have fructified more 
abundantly than those above pH 8.68. Germination was slow and final 
growth poor above pH 10. 2—9. 34. No attempt was made to determine the 
maximum pH for germination because of the difficulty of holding the high 
alkaline solutions constant and the probable effect on growth of the large 
amount of potassium hydroxide. It would appear, however, that this point 
is not far from pH 10. 

Available food, soil, aeration, moisture, and other biological factors, as 
well as soil reaction, must influence the amount of inoculum in the soil, and 
the amount of scab which develops. However, it does not appear that a soil 
reaction which is the limiting point for germination of the inoculum will 
completely inhibit development of scab. This might be because the growing 
tuber has a reaction favorable to germination and growth of A, scoAhies. 
JWeiss and Harvey (19) found the reaction of the potato tissue to vary 
from pH 6,5 to 6.61. Gonsequently, the acidity about the closely adhering 
inoculum might be decreased enough to allow germination of the spores and 
infection of the host. If so, subsequent development would be largely deter- 
mined by the reaction of the host tissue. Possibly this suggests why Martin 
(10) obtained scab on 20.6 and 89.6 per cent of the tubers in a soil of pH 
4.2 and 4.8, respectively. 

Weiss and Harvey found that tissue affected with potato wart was more 
acid (pH 6.0) than the adjacent sound tissue (pH 6.5). The writer deter- 
mined electrometrically the reaction of scab pustules. Very scabby young 
potatoes grown in a soil having a reaction of about pH 5.4, were washed in 
distilled water, the scab pustules removed, finely pulverized, and the mate- 
rial diluted with distilled water. Sound tissue was treated likewise, and 
determinations made as soon as possible. The pH of the sound tissue was 
about 6.5, while that of the scab pustules was about 7.2. This increase in 
allmlinity agrees with what happens in liquid cultures and supports the 
previous suggestion that the development of A. scabies on infected tubers is 
largely independent of soil reaction. 

The Relation of Green Crops to the Control of Potato Scab 

The popular practice of plowing down green crops, particularly rye, to 
reduce the severity of scab is based largely on the assumption that decom- 
position of the green material increases soil acidity. Since consistent evi- 
dence for such belief seemed to be lacking, the writer tested the efficacy of 
the method in a well checked field experiment. 

The effect of green rye plant material on soil reaction. A small, nearly 
level, thoroughly infested plot of fertile silt loam, with an initial pH ranging 
from 4.91 to 5,4, was chosen for the test. Twelve rows, of 12 hills each, 
were planted, test rows and controls alternating. Two and one half pounds 
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of succnlent green material was mixed with the soil, and this put back into 
the excavations, which were 14 inches in diameter and 7 inches deep. This 
proportion of green material amounts to about 50 tons per acre. The soil in 
the control hills was forked to make it as loose as that under test. A dis- 
infected set o-f the cobbler variety was planted 5 inches deep in each hill. 
The soil about each plant was not disturbed during the growth period. The 
rye was almost completely decomposed by harvest, 80 days after date of 
planting (May 24). The reaction of the soil, taken from representative 
hills at depths of 2, 4 and 6 inches, was determined electrometrically on June 
19, July 2, and July 22. Samples were taken from the same hills each time, 
so that any change in soil reaction resulting from the decomposition of the 
green material might not be confused with soil heterogeneity. One hundred 
and thirty-two samples, of which 24 were checks, were tested, and three 
determinations made from each sample. 

The object of this experiment was to note any change in soil reaction 
caused by the green rye during the early growth period of the potato crop, 
and particularly during the critical stage for scab infection. Therefore the 
reaction of the soil was not determined after 58 days. The data indicated 


TABLE 5— The eifeot of varying amounts of green rye on the soil reactions and on the relative 

numher of haoteria and fungi 


Parts of 






Initial 

pH 

Maxi- 

Mo.^ colonies 

rye to 
soil 

Interval after which pH was taken j 

mum pH 
increase 

Bae- 

tjeriab 

Eungic 



Series 1 








10 days 

20 days 

28 days 

36 days 

78 days 






pH 

pH 

pH 

pH 

pH 





1-5 

8.99 

7.56 

7.25 

7.10 

7.04 


1.82 



check 

7.22 

7.20 

7.13 

7.14 

7.14 

7.17 






Series 2 








7 days 

15 days 

33 days 

75 days 







pH 

pH 

pH 

pH 

pH 





1-3 

8.82 

8.22 

5.82 

5.07 



3.60 

200 

70 

1-7.5 

7.70 

7.49 

5.24 

4.98 



2.48 



1-10 

7.37 

5.76 

5.37 

4.97 



2.15 

134 

33 

1-15 

6.89 

5.73 

5.24 

5.24 



1.67 1 



1-20 

6.67 

5.51 

5.27 

5.22 



1.45 

16 

26 

cheek 

5.31 

5,25 

5,22 

. 

5.19 


5.22 





a In millions per gram of rye soil mixture, oven dry. 
bPilutions made after 20 days, 
c Dilutions made after 10 days. 
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a slight decrease in soil acidity. This conclusion agrees closely with that of 
Stephenson (16) who found that in nearly every case the acidity was de- 
creased where soy beans, oat straw, green rape, and blood were used alone 
and in combination in the soil. Oat straw had the least effect in decreasing 
the acidity, while the highly nitrogenous material had the greatest. 

Another study was made in the laboratory to determine the effect of the 
decomposition of green rye plants on soil reaction. A quantity of leaves 
from green rye plants was finely ground. This was mixed in varying 
amounts with finely sifted, unsterilized garden soil, then moistened with 
distilled water and put into loosely plugged liter flasks. All samples were 
approximately at optimum moisture content when completed, and the soil 
was loose in the flasks. The initial reaction of the soil, and also of the green 
material used, was determined electrometrically. The flasks were kept at 
room temperature and the soil reaction determined at intervals during 80 
days. The number of fungi and bacteria developing in the soil of the 
various flasks was obtained by the usual dilution-plate method, and a com- 
parison made on an oven-dry basis per gram of soil. 

An analysis of the results in table 5 shows that the pH is decidedly 
increased in all the soils mixed with green rye-plant material, especially 
during the fi!rst ten days, and that this sudden rise is succeeded by a slow but 
steady decline during the second period. After about 30 days the pPI 
values approach a level approximating the initial reaction. This is espe- 
cially noticeable in the soils containing the smaller proportion of plant 
material. The increase in pH is, in general, proportional to the amount of 
plant material added to the soil, and varies from 1.45 to 3.60. In most 
cases, even after 30 days, this advantage is maintained. After 30 days, and 
continuing to 75 days, all the samples return to the initial reaction and, 
when the last determinations were made, only those samples receiving the 
larger proportions (1-3, 1-7.5, 1-10) of rye were slightly more acid than 
the untreated soils. 

Since the determinations were made on the rye-soil samples after fermen- 
tation began, the increase due to the reaction of the rye itself was unknown ; 
therefore a separate experiment was necessary to obtain this information. 
The initial pH of the green rye was 6.82, and that of the soil 5.12. The data 
show that the pH of the rye-soil mixture was increased very slightly by 
adding the green rye. The largest proportion of rye to soil (1-5) increased 
the pH 0.36, while the 1—10, 1—15, 1—20 proportions gave increases of 0.20, 
'0.18 and 0.17, respectively. After an 8-day incubation period the increases 
in pH of these same mixtures were: 1-5, 1.71; 1-10, 0.94; 1-15, 0,80; 
1-20, 0,71. Apparently, then, nearly all the increase in pH of this and the 
previous test was the result of fermentation. 
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Two suggestions are given for the consistent increase in pH of the rye- 
treated soils ; either the rye may favor certain microorganisms which decom- 
pose it and liberate ammonia for a time, or certain alkaline by-products of 
metabolism may be secreted by the fungi and bacteria themselves. Doryland 
(2) found that nitrification begins when the more easily available carbohy- 
drate energy is exhausted, and states that the ammonia and nitrates which 
have been accumulated by the decay-producing organisms during this period 
are later available for nitrification. Waksman (18) states that the molds are 
not nitrifiers but they actively decompose organic matter, taking energy first 
from the available carbohydrates and then from protein molecules, in which 
case ammonia is liberated. He also points out how ammonia may be liber- 
ated upon autolysis of the mycelium of these molds, Neller (12) found 
that certain pure cultures of bacteria caused the accumulation of much more 
ammonia than some of the more active soil fungi {As^pergillus niger, Tricho- 
derma sp., and ZygorJiy'ndvus sp.) and that there was an indication of 
symbiosis in mixed cultures of certain soil bacteria in increasing the accu- 
mulation of ammonia. 

It is possible that the large amount of carbohydrate energy in the rye 
permitted abundant and quick growth of microorganisms, with a corre- 
sponding nitrate depletion of the soil, and that, upon the sudden exhaustion 
of the carbohydrate energy supply and the consequent setting in of the 
nitrification process, certain more favored bacteria and fungi actually cause 
the liberation of ammonia. 

It was suggested that the increase in pH might be due to the alkaline 
by-products secreted by one or more predominating species of micro- 
organisms. It has been shown that A. scaUes greatly increases the pH of 
the culture media tested. It also is well known that other microorganisms 
produce acids and alkalies, depending on the chemical nature of the 
substrate. 

A plate count of the microorganisms was made from dilutions of the soil 
of Series 2 (see table 5). In the dilutions made 10 days after mixing the 
rye and soil, the number of fungi on the plate made the count of the bacteria 
too uncertain to record, but, when made after 20 days, the plates were fairly 
free from fungi, and bacteria predominated. A heavy growth of molds 
{Mucot racemosus appeared to predominate) occurred in all flasks contain- 
ing the rye-soil mixture. This took place two days after mixing ; and in ten 
days it had declined, the soil taking on a moist, slimy appearance, which 
indicated bacterial activity. No further change was noted and no more 
soil dilutions were made. It is suggested that the fungal-bacterial succes- 
sion referred to here may be associated with the rise and decline of pH 
noticed in these rye-treated soils. 
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The effect of green rye plant material on scab development. Figure 2 
shows the amount of scab developing on the tubei^s in rye-treated and 
untreated soils of the field. Each pile represents the complete yield from 
a row, and these are arranged as they grew— treated and untreated rows 
alternating. No difference between the test lots and the controls can be 
noticed : all are badly scabbed. These results differ from those of Millard 
(11), who obtained good control by a liberal application of green rye; and, 
since the data on soil reaction could not explain the results, a preferential 
food theory was offered. This theory assumes that the scab pathogene, 
being normally a soil saprophyte, prefers green rye to the living potato 
tissue. The hypothesis may be tenable. The writer advances another pos- 
sible explanation, and this will be referred to in connection with the 
antibiosis of certain bacteria and fungi to A, scabies. 



Pig, 2. The piles of tubers marked X are from soil (pH 5 to 5.4) treated with 50 tons 
per acre of green rye; remainder from untreated soil. Note uniformly 
large amount of scab in all piles. 


The data from the field experiment showed that the decomposition of 50 
tons of green rye per acre caused no noticeable increase in soil acidity during 
the 58-day period and failed to prevent the development of scab. The lab- 
oratory experiment showed that it required a much larger quantity than 
this to increase the acidity of the same soil, even slightly, at the end of 75 
days. It is interesting to recall that the initial reaction of this soil varied 
from pH 5.0 to 5.4, which is very near the limiting reaction for growth of 
A. scabies in pure culture. The acid-producing effects of green rye on other 
soil types was not tested. However, these results strongly suggest that an 
abnormally large amount of rye would be required to increase the acidity 
of less acid soils to an effective point for scab control. Therefore it is the 
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opinion of the writer that the use of green rye as a practical means of 
increasing the soil acidity for the control of potato scab is not feasible. If 
control can be obtained by its use in some soils, it may be that certain micro- 
organisms of the greatly increased soil flora are antibiotic to A. scabies, 

Giclhiral Relations of Certain Bacteria and AcUnojnyces scabies 

While testing the stimulatory effects of potato leaf- and tuber-tissue on 
the germination of the spores of A. scabies, it was frequently observed that 
the spores failed to germinate on certain slides overrun with bacteria. Fur- 
ther examination showed that the lack of germination was often associated 
with the kind of bacteria present, therefore possibly a result of toxicity or 
a too highly acid condition. 

Effect of mixed cultures on the pH of the substrate. To study the effects 
of association of bacteria and A, scabies in culture, a number of pure cul- 
tures of bacteria were secured from various sources, chiefly from the soil. 
These were numbered as represented in table 6. Culture 21 is Bactervam 
fiuorescens; 28, B, mycoides; 24, B. cereus. These were obtained from H. J. 
Conn, New York Agricultural Experiment Station. Culture 22 is B, vul- 
gatus; 23, B. megatherium; 25, B. mycoides; 27, B. mesentericus, all of 
which were furnished by 0. B. Williams, University of Texas. Czapek^s 
dextrose nitrate solution was used for a medium. This was sterilized and 
adjusted to the required pH values by the addition of one-tenth normal 
potassium hydroxide. Pyrex flasks were used, and to each was added 20 ce. 
of the medium, and inoculum consisting of 0.1 cc. of a spore suspension of 
A. scabies, and the amount of bacteria adhering to the small loop of a trans- 
fer needle. Each culture was made in triplicate and incubated at 26-27° 0. 

The results given in columns 2 and 7, table 6, indicate that nearly all the 
strains of bacteria are strong acid producers. The reactions listed in column 
2 give an idea of the acid-producing ability of each pure culture of bacteria 
when grown alone. Cultures 21 and 29 are fairly strong acid producers, 
although in Series 1 the time during which they were incubated is too short 
to ascertain the final effect in this respect. The reactions in column 6 
indicate the strong alkali-producing ability of A, scabies during six days, 
when the initial pH of the medium is 7.3. This quality is also shown, in 
columns 9 and 11, in those cultures where the Actinomycetes are growing 
vigorously, apparently having secured control by neutralizing the acid from 
the bacteria. Evidently A, scabies, when grown alone or with certain bac- 
teria, grows and fructifies exceptionally well at pH 8.0 to 8.7. Most of the 
cultures of bacteria allow a good final growth of A. scabies if the initial pH 
of the medium is sufficiently high. Bacterial cultures 11, 15, 21 and 29, 
however, always prevent the growth of the Actinomycetes. In the case of 
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cultures 11, 21 and 29, the growth is prevented by a too acid condition of 
the medium, i.e., pH 4.23, 4.43 and 5.29 respectively. These cultures have 
reduced the pH from 7.3 to these low values in six days, while most of the 
other strains allowed the Actinomycetes to increase it to about 8.7. Culture 
15 is outstanding, because it always prevents the growth of A. scabies, 

TABLE 6 . — The effect of pii/re ciilHres of 'bacteria groming alone ^ and also with A. scabies, 
on the pE value of CBapeh^s solution 



Series 1 

1 Series 2 

Cul- 

ture 


Bacteria and A. scabies 


Bacteria and ^4. scabies 

Bacteria 

initial pH 7.3 


Bacteria 

initial pH 5.7 


no. 

initial 
pH 7.3 

Growth : 


Growth : 


initial 
pH 6.87 

Growth : 


Growth : 



after 3 

pH 

after 6 

pH 

after 6 

pH 

after 11 

pH 



days 

days 


days 


days 

1 

6.53 

Good 

7.41 

Ex.a 

8.87 



. 



2 

6.44 

do 

7.68 

do 

8.72 

— 

None 

5.02 

None 

5.41 

4 

6.12 

do 

6.48 

do 

8.75 








5 

6.13 

do 

7.12 

do 

8.73 

........ 

None 

4.91 

None 

5.59 

8 

6.61 

do 

7.33 

do 

8.72 



......... 



10 

6.99 

do 

7.67 

do 

8.69 

......... 





11 

6.05 

Trace 

4.34 

None 

4.23 


None 

4.77 

None 

4.57 

12 

6.86 

Good 

7,39 

Ex. 

8.73 


do 

5.40 

Ex. 

8.04 

13 

5.67 

do 

7.80 

Good 

8.72 




... 


15 

6.78 

Hone 

6.63 

None 

7.28 



None 

7,35 

None 

7.29 

16 

6.44 

Trace 

6.44 

Ex. 

8.72 


Trace 

4.89 

do 

4.22 

17 

6.61 

do 

6.95 

do 

8.59 



None 

4.57 

do 

4.60 

19 

6.30 

Good 

7.14 

do 

8.57 

5.51 

do 

5.32 

Good 

8.14 

20 

6.89 

do 

7.17 

do 

8.57 







21 

6.71 

None 

5.11 

None 

4.43 

4.30 . 

None 

4.73 

None 

4.80 

22 

6,61 

Good 

7,49 

Ex. 

8.72 






23 

6,81 i 

Trace 

5.43 

Faint 

7.36 


None 

4.92 

Edge 

5.41 

24 

6.53 : 

Good 

7.61 

Ex. 

8.72 

6.16 

do 

6,29 

do 

6.41 

25 . 

■6.71 

do 

7.21 

do 

8.72 

6.14 

do 

4.81 

None 

4.73 

26 

6,64 

do 

6.97 

do 

8.70 






27 

6.69 

Trace 

7.39 

do 

8.79 

5.66 

None 

4.89 

None 

5.03 

28 

6.53 

1 Good 

7.26 

do 

8,89 

5.92 

do 

4.72 ^ 

do 

4.72 

29 

6.66 

' None 

5.26 

None 

5.29 

5.34 

do 

4.83 

do 

4.64 

30 

6.99 

Edge 

7.56 

PeLb 

7.80 


Pel. 

7.35 

Edge 

7.63 

31 

6.71 

1 Fair 

7.22 

I Fair 

7.46 

......... 

None 

5.27 

Ex. 

8.04 

32 

7.05 

Good 

8.52 

* Ex. ' , 

8.72 

.. 



Pel. 

6.07 

33 

6.66 

do 

8.01 

, do 

8.72 


Pel. 

7.06 

Edge 

7.70 

Check 

7.70 

do 

8.51 

i do 

8.72 

......... 

Fair 

7.06 

Ex. 

8.40 


a Excellent, 
b Pellicle. 
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although it does not reduce the pH below a point favorable for growth of 
the fungus. When the initial pH of the medium is low (5.7), as in Series 2, 
many of the cultures of bacteria retard or prevent the growth of A. scabies 
by quickly increasing the acidity of the substrate, but some do not produce 
acid fast enough to accomplish this. This competition between the bacteria 
and the Actinomycetes makes the final outcome uncertain, as is shown by 
cultures 2, 5, and 23, in columns 9 and 11. 

Further examination of table 6, Series 1, shows that some strains of bac- 
teria increase the acidity of the medium much more when cultured with 

A. scabies than when alone. This action is well illustrated by cultures 11, 
15, 21 and 29, in figure 3 and particularly by cultures 11, 21 and 29. The 
decrease in pH, as a result of association, ranges from 0.95 to 1.71. A 
parallel ease is reported by Neller (12), who found that Bacillus mycoides 
and B. vulgatu^ produced more ammonia in mixed cultures than when alone, 
and that the same thing was true of the production of carbon dioxide by 

B. subtilis and B. vulgatus. Other instances of increased activity arising 
from the association of certain microorganisms are known. 

Toxicity and compatibility in mixed cultures. Grieg-Smith (5) states 
that certain white-growing colonies of Actinomycetes secreted some product 
very toxic to Bacillus vulgatus, B. mycoides and also to Penicillium spp. and 
Aspergillus spp., and that the dark-growing® Actinomycetes were only feebly 
toxic to B. vulgatus. The writer has observed that A. scabies is, in general, 
very sensitive to the secreted products of many molds and bacteria, some of 
which prevent its growth. BMzopus spp. have been consistently very toxic. 
Species of Penicillium and Aspergillus usually appear to be toxic to 
A. scabies, but this condition often develops later into one of compatibility, 
especially on solid media. Some of these eases of toxicity are probably asso- 
ciated with competition for food and with an unfavorable snbstr ate reac- 
tion. The competition for favorable substrate reaction at the minimum 
point for growth is well illustrated by A. scabies and bacterial cultures 19 
and 24, Series 2, table 6, and in figure 3, part 2. Bacterial culture 15 evi- 
dently secretes another kind of toxic substance, which, while not too acid, 
prevents the growth of A. scabies. 

Further investigation of the association of A. scabies and the various 
strains of bacteria cultured in solution (table 6) was made on solid media. 
Potato dextrose agar slants were evenly inoculated with 0.2 cc. of spore 
suspension of A. scabies and then inoculated for 24 hours. By that time 
growth was quite evident. Then 0.2 ec. of sterile distilled water was added 
to the very bottom of each tube, and this was inoculated with a small amount 
of bacteria adhering to the loop of a transfer needle. Care was taken to add 

5 scabies belongs to tliis group. 
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nearly equal quantities of the bacterial inoculum to the water at the bottom 
of the tube only, and to keep the tubes upright. Striking differences in 
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growth were evident in a few days. A number of the strains seemed more 
.or less compatible. As happened in the liquid media, bacterial strains 
11, 15, 21 and 29 were sufficiently toxic to A, scaMes to destroy the growth 
after it was visible. Cultures 2, 5, 12, 28 and 30 also were very toxic, al- 
though they had not shown this in the liquid media. The phenomenon is not 
unlike the activity of a lytic principle. 

It is quite possible that the same degrees of compatibility between or- 
ganisms and the same toxicity demonstrated on artificial media may also 
occur naturally in the soil. This is a problem of the biological balance in 
the soil and therefore may be of particular importance in determining the 
pathogenicity of A. sco-Mes. 

SUMMARY AND CONCLUSIONS 

1. A study has been made of the effect of temperature, moisture, aer- 
ation, and substrate reaction on the germination, growth and fructification 
of Aciinoniyces scabies, with particular reference to its pathogenicity. The 
relation of green rye to the control of potato scab has been studied, and its 
effect on soil reaction and on the increase of soil flora has been observed. A 
brief study has been made of some cultural relations between A, scabies and 
some common soil bacteria. 

2. A. scabies grows within a wide range of temperature (8 to 38® C). 
Good growth and maturity occur between 13° and 32° C., and the optimum 
temperature is about 27° C. Therefore, under average field conditions in 
most potato growing areas, it appears that temperature, as it affects host 
and pathogene only, cannot be a very important factor in the scab problem. 
The spores survive temperatures up to 90° C. (moist heat) for ten minutes. 

3. A. scabies is a strong aerobe. The spores will germinate with an ex- 
tremely small supply of oxygen, but a large amount is required for subse- 
quent development. Maturity, as indicated by dark aerial hyphae, will not 
take place in the absence of oxygen. Amount of oxygen, not partial pres- 
sure, is the limiting factor for germination and growth. 

4. It was found that the germination of spores of A, scabies on nutrient 
agar was greatly retarded by a lagging film of excess water. The inoculum 
of A. scabies appeared to increase best at a soil moisture content about 
optimum for plant growth. 

5. The limiting acid reaction for germination of the spores of the strain 
of A. scabies used was found to be about pH 5.3. Germination occurred 
most quickly at about pH 8.5, and an optimum development took place at 
this point. Severe scab may be expected in soils ranging from a strongly 
alkaline reaction to at least pH 5.4, owing to the higher pH of the tuber and 
a strong tendency of the pathogene to make its habitat (scab pustule) 
alkaline. 
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6. Green rye plants, applied in the field at the rate o-f 50 tons per acre, 
showed no tendency to reduce scab in a thoroughly infested soil of |)H 5 to 
5.4 ; and there was no noticeable increase in the soil acidity during a 58-day 
period. 

7. In the laboratory there was a very slight increase in acidity of the 
rye-treated soils after 75 days, but only in those receiving large proportions 
(1_3^ 1-7.5, 1-10) of green rye. These results, and those obtained in the 
field, indicate that the use of green rye does not control potato scab by in- 
creasing the soil acidity. 

8. When pure strains of bacteria and A, scabies were cultured in the 
same solution, certain strains of the former made the solution too acid for 
the germination of the latter. Certain cultures of bacteria produced more 
acid when grown with A. scabies than when grown alone. 

9. A strain of bacteria isolated from the soil, and cultured in Gzapek’s 
solution, inhibited the development of A. scabies by some means other than 
excessive acidity. 

10. Nearly all the bacterial strains used in this study made conditions 
more or less unfavorable for the growth of A. scabies on a potato-dextrose 
agar. 

11. When scab is controlled by green rye crops on some soils, it is sug- 
gested that the antibiotic qualities of certain predominant soil microorgan- 
isms influence the development of JL. 

Minnesota Agbictjltural Experiment Station, 

St. Paul, Minnesota 
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BLACK-LEAP OP PEAS CAUSED BY PUSICLADIUM 
PISICOLA N. SP. 

Maurice B. Lineordi 

In the summer of 1921 a leaf-spot disease was observed in fields of can- 
ning peas {’Pisum sativum L.) at Smithfield, Cache County, Utah, where it 
was causing considerable leaf destruction in peas at canning age. Although 
peas had been grown in this locality since 1918, this disease had not been 
reported before. The disease was clearly distinct in appearance from any 
known to affect peas, being characterized by spots of sooty blackness on the 
lower sides of leaves and on petioles and tendrils. Microscopic examination 
revealed the presence of two fungi or two sporulating forms, one a Fusi- 
cladium bearing conidia on the lower side of the leaf, the other a Phyllo- 
stiota, 

DESCRIPTION OP THE DISEASE 

The first symptom of black-leaf is the development on the lower surface 
of leaflets and stipules of small, irregular, whitish areas, from 1 to 7 mm. 
across (PL XXVI, A), almost simultaneously with the appearance of slightly 
pale areas on the upper side. These whitish areas become somewhat larger 
and then, developing a tan color at the center, darken centrifugally through 
shades of gray to black. This darkening of the spot is due to the develop- 
ment of a layer of closely packed conidia on the leaf surface. After thus 
blackening, the center of the spot may grow lighter, changing to gray or 
olive gray when the conidia have fallen. Spots are limited laterally by the 
primary and secondary veins, which they seem unable to cross. Longitudi- 
nally spots may increase indefinitely, in which case they may be gray at the 
center, black where fresh conidia stand compactly, and whitish at the ad- 
vancing margins (PL XXVI, A and B). Spots may become confluent near 
the margins of a leaflet where veins are small. Blackening is not always 
continuous in an affected spot but may assume an irregularly patchy or 
reticulate pattern (stipules, PL XXVI, A). 

Development of this black conidial layer on the lower side of the leaf is 
not usually followed by collapse of the tissues until after the conidia are 

1 The writer wishes to acknowledge his indebtedness to Professor B. L. Richards, of 
the Utah Agricultural College, at whose suggestion this work was undertaken, for advice 
and encouragement throughout the course of this study ^ also to Dr, J. J. Davis, of the 
University of Wisconsin, who has aided in the taxonomic study. 
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shed. The spots then dry to brittleness and may crack out (PL XXVI, C). 
In such late stages, ^a spot may be black above as well as below. In excep- 
tional cases a few conidia are borne on the upper face of a diseased spot. 
Plate XXVI, D and B, shows the typical appearance of an old spot as seen 
from the upper and lower sides, respectively. 

After conidia-bearing spots have stopped enlarging and; most of the 
conidia are shed, a bluish gray color appears around and sometinaes within 
the conidia-bearing areas. This results from the development, beneath the 
epidermis, of numerous minute, black, pycnidium-like bodies, more numer- 
ous below, but not absent from the upper side of the leaf. Commonly the 
pycnidial zone is narrow at the margins of old conidial spots, but at times 
large areas of a leaf may be involved. The pycnidium-like bodies have been 
observed in material collected in many localities. In no instance have they 
been observed in a leaflet that had not previously borne conidia. As with 
the conidial areas, collapse of the tissues usually does not follow promptly 
the development of pyenidia; the invaded areas are not margined. 

The black-leaf disease develops less abundantly and more tardily on 
petioles and tendrils than on leaflets and stipules, but in the later stages it 
is not uncommon to find tendrils completely girdled and petioles bearing 
elongate spots. A spot on a petiole, even if it girdles, does not result in 
prompt killing of the leaflets; there seems to be no direct interference with 
the conductive tissues. As a rule production of conidia is reduced, and the 
production of pyenidia is relatively more abundant than on the laminae. 

Black-leaf has rarely been observed in a field before the peas approach 
full blossom. Developing on the lower leaves at first, spots appear progres- 
sively higher on the plant until, when the peas are ready for canning, spots 
are generally developed even on the uppermost leaves (PI. XXVI, P). 

VARIETAL SUSCEPTIBILITY 

No comparative trials of varieties have been made, but the black-leaf 
disease has been observed on the following varieties : 

White (Yellow) Admiral Green Admiral 

Horal Alaska 

Champion of England Sugar Marrowfat 

Of these the White Admiral appears to be the most susceptible. In Utah 
the disease has been reported only from canning factory districts in which 
this is the dominant variety grown. In several districts where the disease 
has been sought in vain, this variety is not grown. In a number of instances 
fields of Alaska and White Admiral were seen growing side by side ; in all 
such cases the disease, if present, was most abundant in the Admiral. In 
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Idaho the experience of a prominent seedsman indicates that the White 
Admiral is more frequently affected than any other variety. 

PRESENT DISTRIBUTION 

Black-leaf is known at present to occur only in three valleys in northern 
Utah and in the great seed pea producing area in the Snake River Valley 
of Idaho, from Idaho Palls to Ashton. In the Cache, Ogden, and Weber 
valleys of Utah the disease has been observed each year since it was first 
seen in 1921, varying greatly in severity. During the dry summer of 1924 
it was all but absent. In Idaho the writer has seen black-leaf only in the 
summer of 1925. One of the leading seedsmen, however, described black- 
leaf in an unmistakable manner as a disease affecting the White Admiral 
pea in wet seasons in that region for the past ten years. 

ECONOMIC importance 

Black-leaf is probably not greatly to be feared as a factor limiting pea 
production in the intermountain region, judging from the behavior of the 
disease observed during five seasons. Occasional fields have been found, 
especially in wet seasons, in which more than 50 per cent of the leaf surface 
has been destroyed by the time the crop has reached the stage for canning. 
In such cases there has been a marked reduction in yield, but generally the 
disease causes only moderate foliar destruction at so late a date that losses 
are negligible. In seed fields, owing to the longer time the crop must re- 
main in the field, the disease may cause somewhat greater reductions of 
yield, but it has not been looked upon as of serious importance by seedsmen 
or growers. 

MICROSCOPIC STUDIES 

Microscopic studies of sections through young spots on leaves collected 
when symptoms first become discernible reveal the presence of a slender, 
sparingly branched, septate mycelium growing through the intercellular 
spaces of the leaf. Hyphae may be seen lying in intimate contact with host 
cells and extending the length of palisade cells. No* haustoria have been 
detected. There appears to be no immediate reaction of host cells to the 
presence of these hyphae, but there is a gradual breaking down of the proto- 
plasm, which finally disappears, leaving the cell walls intact. Except in the 
process of qonidia-formation, the mycelium is strictly intercellular. When 
pycnidia commence to form, the mycelium becomes thicker, more conspicu- 
ously septate, and brownish in color. The pycnidia develop from hyphal 
knots in the intercellular spaces and gradually increase in size, crowding 
back the empty host cells. Thickened hyphae may fill the intercellular 
spaces, but as a rule the host cells retain their shape even after they are dead 
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(PI XXVII, A). Early death and collapse of some spots has been ob- 
served to inhibit the normal development of conidia and especially of 
pycnidia. 

The apparent inability of the parasite to cross the larger veins of a leaf 
may be accounted for by its strictly intercellular habit. Above and below 
the larger veins is a ridge of collenchyma in which intercellular spaces are 
almost absent. In leaf sections hyphae may be seen advancing far into the 
availaJble spaces but unable to make their way across such veins. In ten- 
drils and petioles the distribution of intercellular spaces markedly restricts 
the advance of the fungus. As shown in Plate XXVII, B, the sub-epidermal 
layers of parenchymatous chlorenchyma in which large intercellular spaces 
are present are thoroughly invaded, but the more compact interior tissues 
remain free from invasion. Probably the failure of black-leaf to develop 
on pea stems is in part associated with the smaller size and extent of inter- 
cellular spaces in the sub-epidermal layers as compared with corresponding 
layers of the petiole. 

DEVELOPMENT OE CONIDIA 

Shortl3^ after mycelium has appeared in the intercellular spaces of a 
leaf, hyphae may be seen growing in close contact with the cells of the lower 
epidermis. Prom such hyphae branches arise at right angles and grow 
directly through the inner wall of the epidermis into the epidermal cells. 
Swelling slightly, they continue to elongate until they push out through the 
outer wall, penetrating apparently by mechanical means. Protruding from 
the lower epidermis, these branches then enlarge into conidiophores which 
are clavate while young and are filled with dense cytoplasm. They are for 
a time non-septate and uninucleate, the large nucleus remaining near the 
base within the epidermal cell A single bud-like projection then appears 
at the apex and proceeds to enlarge. It may be smoothly ovoid or may be 
elongate, marked early by a slight constriction at the place where septation 
may later develop. As the young conidium approaches mature size, the 
nucleus from the base of the conidiophore passes upwards, divides, and one 
daughter nucleus passes into the conidium. Septation by constriction then 
separates the conidium from the conidiophore. The nucleus in the conidium 
may or may not divide. In case of division the daughter nuclei separate 
and a septum is formed between them, developing inward from the side 
walls. The nucleus and cytoplasm remaining in the conidiophore collect in 
the upper end where they gradually degenerate and disappear. At the 
same time the upper part of the conidiophore wall becomes thicker and dark 
brown. By the time the conidium is shed the conidiophore is usually an 
empty conical structure^ broad at the base, the wall of the upper part thick- 
ened until it almost closes the lumen, and the extreme tip almost hlack. 
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Functioning eonidiophores have not been observed to pass through 
stomata or guard cells. In early stages of the disease hyphal branches may 
be observed to have grown out through stomatal openings. Such hyphae, 
as shown by staining reaction, have died after having extended only a short 
distance (lr-10 m-) through the pore, showing as heavily staining clavate 
hyphae with no indications of the formation of conidia. 

. The young conidium may early be seen to have a double wall, the inner 
homogeneous in appearance, staining lightly ; the outer dark brown and 
warted, staining deeply. The outer wall does not become thick, but its 
warted nature becomes more pronounced at maturity. 

Mature conidia (PL XXVII, C) are typically ovate to cylindrical, con- 
stricted at the septum, rounded at the ends, and flattened at the point of 
attachment to the conidiophore. The lower cell is characteristically some- 
what the larger. Shape varies with compactness of sporulation, spores borne 
in crowded masses being more slender than the type. The color in mass is 
dark olivaceous brown to black; under the microscope, a dilute brown. 

TAXONOMY 

The shape, septation, color, and mode of production of conidia place 
the fungus in the hyphomycetous genus Fusicladium Bonorden. This fun- 
gus differs from other species of this genus and bears some resemblance to- 
Hetcrospormm Klotzsch in the roughening of the spore wall, but no spores 
have been observed with more than one septum. Kecently von Hohnel (3) 
has proposed a revision of the genexsi Fusicladium SLiid Passalora, suggest- 
ing a number of new genera. Since the advisability of this revision is ques- 
tioned and since none of the newly defined genera appear to include this 
fungus, the genus as defined by Bonorden (1) is here accepted. 

Only two species of Fusicladium are known to have been listed as occur- 
ring on peas. Oudemans (6) lists Fusicladium pm Oud. and refers to an 
earlier paper (4) for the description. In this earlier paper there is no 
mention of this binomial. Instead, Fusiclad/mm fagopyri Oud. is described 
as occurring on the leaves of peas. Oudemans, in his later work (5) , states 
that he had been in error in listing F. fagopyri as occurring on peas. Thus 
the binomial Fusicladium pisi Oud. stands in literature with no description. 
As for F. fagopyri, Oudemans 's description does not fit the fungus under 
present consideration ; his spore measurements of 14 x 9 are less than the 
minimum dimensions of the septate spores, and his measurements of conidio- 
phores are several times longer than the eonidiophores of this fungus. 

Fusicladium Irevipes Ell. and Ev. was described in 1889 (2) from speci- 
mens collected in the Sangre de Christo mountains of Colorado, occurring 
on Asiragalus hypoglottis. The fungus on peas was tentatively but er- 
roneously considered to be this species and was so reported in the Plant 
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Disease Eeporter (7). Type specimens of this fungus from Colorado have 
been examined, through the kindness of Dr. Seaver of the New "i ork Botani- 
cal Garden, and it appears to be entirely distinct from the fungus on peas. 
The spores are much longer, frequently biseptate, and have smooth walls. 
No other species of this genus are known to occur on plants closely related 
to Pisum satmm. The present fungus is therefore designated a new^ spe- 
cies, described as follows: 

Fusicladium pisicola n. sp. 

Mycelium intercellular in leaf parenchyma ; spots dark gray, olivaceous, 
or black, immarginate, irregular to oblong, restricted in lateral extent by 
the larger veins, hypophyllous or rarely amphigenous; conidiophores grow- 
ing through the epidermis, short, erect, continuous, conical, the walls thick- 
ened and dark brown at the truncate apex, 10-24^ long and 4— 6g broad 
above; conidia solitary on tips of the conidiophores, ovate to cylindrical, 
rounded at ends or truncate at base, generally becoming uniseptate, con- 
stricted at the septum, the cells equal or the lower somewhat larger, 'walls 
with fine wart-like roughening, brown, 16-32 x 8-14 M'. 

On leaflets, stipules, tendrils, and petioles of Pisum saUvum in Utah and 
Idaho. 

THE PYGNIDIAL FUNGUS 

The bodies which develop around and sometimes within the conidial areas 
may be seen under the microscope to be of two distinct classes: one a 
pycnidium, the other a sclerotial body. The selerotial bodies are always 
in the majority; in fact pycnidia are often very rare. The pycnidia are 
spherical to o-void with thin but distinct walls, averaging 60 x 70 g. At first 
sub-epidermal, they finally become erumpent. Within the pycnidia, numer- 
ous, minute, hyaline, continuous, rodshaped spores are produced from the 
tips of pointed conidiophores which line the cavity. The spores are variable 
in size and are often poorly developed, attaining a maximum size of about 
1,3 X 5 This fungus is evidently a Phyllosticta, 

Although several species of Phyllosticta have been described on Pisum 
saUvum midi related hosts, all seem different from this fungus either in size 
of spores or in the nature of the spot produced. Since, however, its rela- 
tionship to Fusicladium pisicola remains uncertain, no- specific name is 
given at present. 

The sclerotial bodies average somewhat larger than the pycnidia, rang- 
ing from 75 to 90 ix in diameter. Resembling the pycnidia very closely in 
shape, they differ in having a slightly thicker wall and in being composed 
of a mass of interwoven, loosely packed, irregular, hyaline mycelium. No 
spores of any kind are associated with these bodies during the summer, but 
some indications suggest that they represent a stage in the development of 
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peritliecia. That the sclerotial bodies are produced by the same fungus as 
develops the pycnidia is shown conclusively by the occurrence of occasional 
compound structures surrounded by one continuous wall, one»half being 
of typical pycnidium formation and the other half having typical sclerotial 
structure. 

No such positive evidence is at hand concerning the relation of these 
structures to the Fusidadkm. Microscopic evidence as well as field obser- 
vations tend to indicate that the pycnidia, sclerotial bodies, and conidia are 
all associated with the same fungus, but only pure culture methods or inocu- 
lation studies can positively determine the connection. 

OTHER FUNGI 

While other fungi have been observed associated with black-leaf spots, 
none has been found with any degree of constancy in the earlier stages 
of development. The only one of these worthy of mention is a species of 
Gladosporium which appears as a common saprophyte on pea vines in the 
localities studied. This fungus is found sporulating in old conidial spots 
where it helps to produce the characteristic olivaceous color of old spots. 
The spores, catenulate, olive green, finely echinulate, pointed at each end, 
and continuous to biseptate, are readily distinguished from the conidia of 
Fusidadium pisicola. This fungus appears to hasten the collapse of in- 
vaded spots and is frequently present when pycnidia and sclerotia are com- 
mencing to form, but it probably has no connection with them. 

ATTEMPTS TO CULTURE THE PARASITE 

During three successive summers attempts were made to grow the Fusi- 
dadium in culture but without success. Dilutions of conidia were made in 
various ways. Spores were sown on and in various agars, and single-spore 
transfers were made to a variety of media. Spores from different localities 
and from young and old spots were tried, some fresh from the field and 
some that had been in storage for various lengths of time. The media used 
include water agar, prune agar, raisin agar, potato agar (with and without 
dextrose), nutrient agar (with and without dextrose), oatmeal agar, pea 
vine agar, cornmeal, steamed pea vines, pea vine decoction, and raisin de- 
coction. 

Conidia germinate freely on most of these media, producing germ tubes 
which reach their maximum development within 48 hours, seldom exceeding 
140 a in length. Single-spore transfers have been observed for as long as 
two weeks without further growth being detected. Besides dilution cul- 
tures, direct leaf-fragment platings were made in various ways, not only 
^from conidial spots but from pycnidial areas as well, but with no better re- 
sults. In all these attempts, Gladosporimi was the fungus most frequently 
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obtained, but in no case did a spore marked as typical of Fimcladium pm- 
coZa prodnce a cnlture of Cfodospmum. 

FACTORS INFLUENCING GERMINATION 

Conidia of Fusicladiuf)i pisicola were found to* germinate only rarely in 
distilled water and poorly on water agar, a small percentage of spores giving 
rise to tubes apparently lacking in vigor. In prune and raisin decoctions 
mucli higher percentages of germination and stronger germ tubes were ob- 
served. ^ ^ ^ ^ ^ ^ ^ ^ ^ 

Temperature was observed to have’ a marked influence upon both per- 
centage of spores germinating and type of germ tube produced. Two sus- 
pensions of conidia in prune decoction were divided into three lots, and one 
lot of each was held at temperatures of 7°, 17°, and 27° C. After 18 hours 
the percentages of spores germinated were as follows ; 


7° C. 17° C. 27° G. 

Sample A 50 per cent 66 per cent 25 per cent 

Sample B 24 per cent 40 per cent 28 per cent 


Not only did a higher percentage of spores germinate at 17° 0. than at 
the other temperatures hut the germ tubes attained greater maximum length. 
At 7° C. germ tubes were short and thick with a strong tendency to branch, 
while at the highest temperature germ tubes were very slender and with no 
branching. Those produced at 17° C. showed an intermediate thickness 
and but little branching. 

Spores were applied dry, in drops of water, and in drops of dilute prune 
decoction, to the surface of green pea leaves under sterile conditions in petri 
dishes kept moist with wet filter paper. In all cases germination was rapid 
and vigorous. Leaf fragments bearing these germinating conidia were ex- 
amined after being cleared in absolute alcohol-glacial acetic acid mixture 
but no tendency towards penetration was observed. 

The length of time that spores have been found to remain germinable is 
variable. Some collections have shown prompt decline in germinability, 
while one collection germinated well in April, after having been in the 
herbarium nine months. 

INOCULATION EXPERIMENTS 

A number of inoculation experiments have failed to produce infection. 
Conidia have been applied to leaves of the White Admiral pea in various 
stage.s of development under a variety of conditions : applied dry and sus- 
pended in water ; with and without first rubbing the bloom from the leaf 
surface ; with and without injury to the epidermis. Several devices have 
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been nsed to maintain Immidity. Introduction of conidia-bearing vines 
into plots of healthy peas has resulted in no infection. 

DISCUSSION 

The occurrence of a disease of some importance in a seed growing area 
from which great quantities of seed peas are shipped to the major pea can- 
ning regions of the country may be of some concern to users of this seed in 
districts where the disease has not appeared. 'While it is not yet possible 
to say with certainty whether this disease may be disseminated with pea 
seed, this seems unlikely. Black-leaf is not known to affect either the seeds 
or the pods. Any transfer of the fungus would therefore be only as spores 
adhering to the seeds. The chance of conidia borne thus on the seed being 
able to survive and to establish infection seems very small. 

Until more is known of the life history of the parasite and of its relation 
to environment, it is impossible to say just what has limited the disease to* 
the intermountain region. That black-leaf does not occur at present in Wis- 
consin seems certain: the writer, in conducting an intensive survey of dis- 
eases of canning peas in that state during 1924 and 1925, has been constantly 
on the alert for it. If, as pointed out earlier, black-leaf has been present in 
the seed districts of Idaho for a decade, it seems certain, in view of the 
great amount of seed annually shipped to Wisconsin, that either the disease 
is not seed-borne or that some factors inhibit its development in Wisconsin. 

SUMMARY 

1. Black-leaf of peas is a newly described disease characterized by dark 
olivaceous gray to black elongate spots on the lower side of leaves and on 
petioles and tendrils. 

2. This disease is now known to occur in three valleys in northern Utah 
where peas are grown for canning, and in the great seed pea-producing area 
of the Snake Eiver Valley, Idaho. 

3. While black-leaf may cause considerable losses under favorable con- 
ditions, it has not been of great economic importance under usual conditions. 

4. The earliest symptom of this disease is due to the development of 
conidia of a fungus described as Fmicladium pisicola n. sp. Associated with 
the older spots are pycnidia of Phyllosticta type and sclerotia of similar 
external appearance. The development of the fungus in the leaf is briefly 
traced. 

5. The conidia germinate freely under a variety of conditions but do 
not continue their growth on the artificial media tried. The fungus has 
not been grown in culture. Preliminary inoculation studies have not 
established infection. 



558 


Phytopathology 


[VoL. 16 


6. Positive evidence is lacking as to the possibility of black-leaf being 
introduced into new localities with seed from infested fields, and available 
information suggests that the chance of such introduction is slight. 
Department op Botany and Plant Pathology, 

Utah Agricultural College, 

Logan, Utah. 
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EXPLANATION OF PLATES 
PLATE XXVI 

A. Lower surface of leaf bearing numerous black -leaf spots in early and medium 
stages of development. The pale spot at 1 represents the eaidiest symptom of this disease. 
At 2 is a spot in which the central blackening is becoming apparent, x 2/3. 

B. Group of spots at base of leaflet, showing lateral limitation by the larger veins 
and the terminal black bands where conidia stand compactly, marking the ends of spots 
that are elongating, x 1 1/3. 

G. Late stages of the disease, showing cracking out of old diseased areas. The spots 
have become confluent near the leaf margin but are still separated by the larger veins 
towards the center, x 2/3. 

D. Upper side of leaflet, showing typical appearance of a black-leaf spot in its 
later stages. Compare with E. xl 1/3. 

E. Lower side of leaflet, showing same spot as in D. Pycnidial bodies occur in a 
narrow band at margin of spot. X 1 1/3. 

E. A plant at canning age showing heavy infection in late stages. The uppermost 
leaves are spotted hut the pods are disease-free. The lower leaves have been killed. 
xl/5. . 

PLATE XXVII 

A. Transverse section through pycnidial area at margin of a conidial spot, show- 
ing at the right a sclerotial body and at the left a pycnidium filled with minute spores. 
The thickened mycelium is strictly intercellular, leaving the empty palisade cells (above) 
intact. x5G0. 

B. Portion of transverse section of petiole showing the limitation of the mycelium 
to the outer region in which large intercellular spaces are continuous. At the left the 
epidermis is roughened by the persistence of old conidiophores. Two sclerotial bodies are 
shown. X 160. 

0. Conidial layer of Fusioladium pisieola at lower side of leaf, showing septate 
conidia borne apically on short conidiophores arising through the epidermis, x 500. 
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PRELIMINARY REPORT OP SOME OBSERVATIONS ON ASCO* 
SPORE DISCHARGE AND DISPERSAL OP CONIDIA 
OP VENTURIA INAEQUALIS (COOKE) WINTER 

J^E.HowittandW.G-. Evans 

The general life history of V enturia inaeqmlis (Cooke) Winter has been 
known for many years. The inoculum for primary infection in the spring 
of the year comes chiefly in the form of ascospores from the fallen leayes. 
Secondary cycles are initiated by conidia produced in the developing scab 
spots. Spore discharge of the apple scab fungus has received considerable 
attention from plant pathologists. Wallace (7), Childs (2), Curtis (3, 4), 
Keitt and Jones (5), Schneiderhan (6) and Adams (1) have all published 
important contributions to our knowledge on this subject. There are, how- 
ever, many problems of importance in regard to the details of the life history 
which have not been completely solved. Some of these are : the relationship 
of temperature and precipitation to ascospore development and discharge ; 
the length of period of ascospore vitality ; and the dissemination of conidia 
through the orchard. 

With the hope of throwing more light on these and other problems, 
observations have been made and recorded during the past six years. Un- 
fortunately the records for 1921 have been mislaid and consequently cannot 
be included in this preliminary report. These observations have been made 
each year in a neglected orchard near the Ontario Agricultural College and 
supplemented by observations made in other neglected orchards in the neigh- 
borhood. Records have been kept of the date of first ascospore discharge 
for each year and the date of free ascospore discharge for each year. In 
addition the development of the apple buds at the time of ascospore dis- 
charge also was recorded. These observations were supplemented by 
germination tests and field experiments. 

The time of first ascospore discharge and free ascospore discharge was 
determined by gathering apple leaves at different dates during the spring 
and examining the perithecia to ascertain the stage of development of the 
asci. The date of first ascospore discharge was judged by the first appear- 
ance of empty asci in the perithecia. The date of free ascospore discharge 
was considered to be the date when fifty per cent or more of the asci were 
found to have discharged their spores. The dates recorded therefore are 
necessarily but approximate. They should, however, suffice for a basis of 
comparison. 
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THE RELATIONSHIP OP TEMPERATURE AND PRECIPITATION TO ASCOSPORE 
DEVELOPMENT AND DISGtIARGE 

Such a relationship has long been recognized by all who have worked 
with apple scab. The consensus of opinion appears to have been that the 
amount of precipitation during April and May was the important factor 
influencing the development and discharge of the ascospores. Tlie figures 
given in the table below, while not absolutely conclusive, strongly indicate 
that the temperature during the winter months may be a factor, the im- 
portance of which up to the present time has not been fully recognized. 

Table 1 records figures for the years 1919, 1920, 1922, 1923 and 1924 
only. The records for 1921 have been mislaid, and the records for 
1925, not having been made in the neighborhood of Guelph, are not com- 
parable. The available soil temperatures at the depth of one inch have also 
been included to show that the varying snowfalls of the different seasons did 
not appear to alter the ratio of the average mean temperature for the winter 
months of the years recorded. 

A study of the figures in the table brings out the following points. 

First, that apparently the average mean temperature of the months of 
January, February and March has more influence upon aseospore develop- 
ment and primary discharge of ascospores in the spring than has the amount 
of precipitation from April 1 to primary aseospore discharge. These figures 
do not prove this conclusively but they at least strongly suggest it. 

Second, that the average mean temperature for January, February and 
March is more closely related to aseospore development and discharge than 
is the mean temperature of the days in April and May preceding primary 
aseospore discharge. 

When the average mean temperatures for the preceding six months, 
namely, October, November, December, January, February and March, of 
the various years recorded were compared with the dates of primary asco- 
spore discharge and free aseospore discharge, a correlation was found which, 
although not complete, was sufficiently marked to indicate that the tempera- 
tures of the preceding six months, as well as those of January, February 
and March only, may have an influence upon aseospore development and 
discharge. 

LENGTH OF PERIOD OP ASCOSPORE VITALITY 

The length of time that ascospores capable of germination remain in the 
orchard is also a question of some importance. Observations throwing some 
light on this point were made in 1925. The first mature ascospores were 
found on April 23. Each week from this date until August 8, viable asco- 
spores were found. The vitality of the ascospores was determined by 
germination tests made by placing the ascospores in water on slides. These 
tests were made at ordinary room temperatures. It is interesting to note 
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table 1 . — 'Precipitation and temperatw'e in relation to ascospore development and 
discharge in Venturia inaequalis 


Year 

1919 

1920 

1922 

1923 

1924 

Date of first observed ascospore 
discharge 

April 28 

May 17 


May 18 

May 9 

Date of free ascospore discharge 

May 6 

May 31 

May 10 

May 26 

May 17 

ISTo. days from April 1 to free 
ascospore discharge 

36 

61 

40 

56 

47 

No. days from first observed as- 
cospore discharge to free asco- 
spore discharge 

8 

14 ^ 


8 

8 

No. days of precipitation from 
April 1 to free ascospore 
discharge 

15 

26 

8 

22 

20 

Amount of precipitation in 
inches from April 1 to first 
ascospore discharge 

2.58 

3.69 


5.61 

4.64 

Amount of precipitation in 
inches from first ascospore 
discharge to free ascospore 
discharge 

3.04 

' 

" 

1 , .65 


1.43 

3.09 

Mean temperature, January,; 

26.3 

9.59 

18.97 

18.8 

19,4 

Mean temperature, Eebruary 

1 25.3 

14.55 

23.18 1 

14.1 

16.33 

Mean temperature, March 

24 

80.67 

32.08 i 

24.28 

27.9 

Average mean temperature for 
January, Eebruary, and March 

28.53 

18.27 

28.07 

19.06 

21.21 

Average mean soil temperature 
at depth of 1 inch for Janu- 
ary, February, and March,...,.... 

30.23 

27.39 

29.65 



Mean temperature from April 1 
to first ascospore discharge 

39.2 

42.5 


43.5 

42.5 

Mean temperature from April 1 
to free ascospore discharge 

40.4 

45.36 


43.5 

44.5 

Mean temperature from first as- 
cospore discharge to free asco- 
spore discharge..... 

44.8 

60.1 


53.3 

50,2 
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that apple leaves collected on August 7 contained perithecia filled with 
immature asci in which the protoplasm was still undifferentiated, and that 
apple leaves which had been kept in a cage outside under some trees, where 
they were exposed to temperature changes hut not to soaking by rain, were 
found to contain asci and ascospores when examined in December* 

DISSEMINATION OP CONIDIA THROUGH THE ORCHARD 

The question as to whether conidia are blown by the wind from tree to 
tree in an orchard is one of some practical importance but one upon which 
there appears to be little evidence based on experiments. Some pathologists 
evidently assume that such dissemination does take place, while others 
appear to think that there is little danger of conidia blowing from tree to 
tree. To secure evidence bearing on this question, experiments were con- 
ducted in 1925. 

On June 5, a number of stakes were placed at an angle of 45 "" to the 
ground around an isolated tree in an orchard. These stakes were located 
at distances of from 3 to 40 feet from the tree affected with scab. Three to 
five microscopic slides, lightly covered with vaseline, were fastened to each 
of these stakes. Similar slides were also fastened to nearby fence posts. 
On June 30, a few conidia were found on each slide. These slides were on 
stakes placed 3, 6, 10 and 15 feet from the tree trunk. On July 2, a few 
conidia were found at 3 and 10 feet from the trunk. On July 8, conidia 
were found west and southwest of the tree on slides attached to stakes at 
distances of 5, 12, 15 and 25 feet from the trunk, and on slides on two fence 
posts 50 feet from the tree trunk. At this time scab was developing rapidly 
on the leaves of the tree. On July 16, another set of similar slides was 
placed around the tree. On July 20, slides at 10, 20, 30 and 40 feet north 
of the tree showed conidia; and on July 28, slides on stakes located 5, 10, 
20, 30, 40 and 50 feet west of the tree showed conidia. Conidia were also 
found on slides fastened to fence posts 75 feet from the tree. This tree was 
nearer the slides than any of the other apple trees. The conidia collected 
on these slides were not distinguishable from the conidia scraped from the 
scab spots on the leaves. On slides placed in a field at some distance from 
the orchard, no spores resembling the conidia of Yenturia were found. 

SUMMARY 

1. The mean temperature of the winter months, especially of January, 
February and March, has a marked influence upon ascospore development 
and primary discharge in the spring in Venturia inequalis. 

2. Ascospores, in Ontario, may retain their vitality at least until the 
eighth of August, and probably until a much later date. 
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3. Conidia may be freely scattered by wind from tree to tree in an 
orchard. 

Ontario Agricultural College, 

Guelph, Ontario. 
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SEED TREATMENT EXPERIMENTS FOR CONTROLLING 
STRIPE DISEASE OP BARLEY^ 

B. W. Leukel, James G-. Dickson, and A. G. Johnson 

INTKODUCTION 

During the past fifteen years, various workers have conducted numerous 
experiments to find a satisfactory seed treatment for the control of stripe 
disease of barley caused by Helmmthosporium gramineum Rabh. Most of 
this -work was done in Europe, where stripe disease appears to be most 
serious. The earlier experiments were confined mostly to the use of hot 
water, mercuric chloride, copper sulphate and formaldehyde, but organic 
mercury and other compounds were tried as early as 1914. 

Mortensen (17) in 1909 tried the hot-water treatment. Stbrmer (34) in 
1912 also tried hot water as well as copper sulphate and formaldehyde. 
Appel and Riehm (4) in 1913 tried hot water with varying results. John- 
son (11) in 1914 reported good results from the use of hot water and for- 
maldehyde. Spiekermann (33) in 1914 failed to control stripe by the use 
of hot water and formaldehyde. Riehm (27) in 1914 and again (28) in 
1915 reported excellent results from the use of cUorophenol mercury. 
Johnson (12) in 1916 used formaldehyde and copper sulphate with, good 
results. Kiessling (14) in 1916 reported partial control with Uspulun but 
found considerable variation in its effectiveness on different varieties. 

Muller and Molz (18) in 1918 experimented with a large number of sub- 
stances not commonly used for seed treatments, their aim being to eliminate 
bird and rodent depredations, as well as stripe disease. Lind and Ravn 
(16) in 1918 reported the results of eight years’ work with various seed 
treatments and recommended copper sulphate, mereurio chloride or formal- 
dehyde for severely infected seed, and hot water for slightly infected seed. 
Experiments in Scotland (1) in 1919 included these same treatments. 
Kock (15) in 1919 recommended formaldehyde and Uspulun. Miiller, 
Molz and Sliroder (19) in 1920, reporting the results of three years’ experi- 
ments, stated that Germisan controlled stripe disease perfectly, while Uspu- 
lun and Corbin reduced the percentage of infection from 30 per cent to 4.7 
and 6.3 per cent, respectively. 

Riehm (29) in 1921 reported good results with Uspulun and Pusafine. 
Noltc and Gehring (22) in 1921 reported excellent results from the use of 

1 Investigations conducted cooperatively between the Office of Cereal Investigations, 
Bureau of Plant Industry, U. S. Department of Agriculture, and the Wisconsin Agri- 
cultural Experiment Station. 
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formaldehyde, Uspulnn and Fnsafine. Muller and Mok (20) in 1921 
again reported complete control of stripe disease with Germisan, and fair 
control with Uspulun. Fraser (8) in 1921 reported satisfactory control 
with hot water and formaldehyde, reducing the percentage of stripe disease 
from about 60 per cent to 11 per cent with the former, and to 5 per cent 
with the latter. Verhoeven (35) in 1921 secured approximate control by 
spraying different lots of seed with solutions of copper sulphate, Qermisan 
14 B, and Uspulun. He tried soaking the seed in Uspulun solution for 1% 
hours and then in hot water (52° C.) for 10 minutes. He also used a hot 
Uspulun solution after previously soaking the seed in cold water. In both 
cases, he reported excellent stripe control. 

Riehm (30) in 1921 recommended formaldehyde and Uspulun for per- 
fect control of stripe, and stated that mercuric chloride, copper sulphate and 
Fusafine greatly reduced the amount of infection. Schaffnit (32) in 1922 
reported complete control of stripe disease with Germisan, and approximate 
control with Uspulun. He found these two the only effective treatments 
among a considerable number tried. In 1923, van Poeteren (25) recom- 
mended Uspulun, Germisan and copper sulphate. Ausborn (5) in 1923 
recommended Germisan, Uspulun and hot water. Verhoeven (36) in 1923 
stated Germisan produced the best results in stripe control, while Uspulun 
was fairly good. Dreger (6) in 1923 secured perfect control by using 
Uspulun after hot water. Remy and Vasters (26) in 1923, after reviewing 
the work done on seed treatment from 1913 to 1920, recommended chloro- 
phenol mercury for perfect control of stripe disease. Muller, Molz and 
Muller (21) in 1923 again recommended Germisan and Uspulun. 

Plant (23) in 1924 reported favorable results with Germisan, Uspulun 
and Tillantin and again (24) in 1925 with the first two. He also 
tried many other treatments, including hot solutions of some chemicals. 
Adams (3) in 1924 advised treatment with Semesan. Ferdinandsen (7) in 
1924 pronounced Germisan the best preparation yet discovered for the con- 
trol of stripe disease. 

Gram (9) in 1924 recommended Germisan as being superior to Uspulun 
•and copper sulphate for stripe control. In another report (2) in 1924 Ger- 
misan, Tillantin ^ ‘ C ^ ^ and ‘ ^ Hohenheimer Beize ^ ^ are recommended. John- 
son, Leukel and Dickson (13) in 1924 reported perfect control of stripe dis- 
ease with solutions of Semesan, Chlorophol, Germisan, Corona 610 and 
Corona 620, without seed injury. Gram (10), in 1925, after extensive ex- 
periments covering seven years, recommended Germisan above all other 
treatments, and next to that, Tillantin ‘‘0.’' Rodenhiser and Stakman 
(31) in 1925 reported satisfactory control of stripe disease with hot solu- 
tions (52° C.) of Germisan, Uspulun and Semesan. Germisan solution at 
room temperature also was satisfactory. 


1926] 


Letjkel, et al. : Control of Barley Stripe 


567 


The foregoing summary of the more pertinent literature on seed treat- 
ments for the control of stripe disease of barley shows considerable varia- 
tion in the results obtained by diiferent workers using seed-treatment ma- 
terials of the same name. Following are some of the probable reasons for 
these apparent discrepancies. 

1. The variety of seed used. Some varieties respond to treatment more 
readily than others (4, 15). 

2. The severity of the seed infection. 

3. Diiferenees in the methods and the details of applying the treatments, 
as, the temperature of the solution, the amount of stirring and mix- 
ing, the degree of contact between seed and solution, the duration of 
the treatment, the method of drying the seed, and the number of 
times the solution was used without renewal. 

4. Variation in the chemical composition of compounds of the same 
name used at different times or by different workers. 

5. Variation in the conditions obtaining at the time of sowing the seed, 
such as soil temperature, soil modsture and soil reaction. 

6. Lack of adequate planting replications. 

7. A difference of opinion as to what constitutes ^^satisfactory control.’^ 

The inoculum furnished by a small percentage of stripe disease in a crop 
may cause considerable seed infection. It seems that unless seed treatment 
is to be practised every year, a satisfactory treatment for stripe disease 
should eliminate the disease completely without seed injury. 

In earlier experiments conducted by the writers, hot water, formaldehyde 
and copper sulphate were not found entirely satisfactory, chiefly because of 
seed injury and lack of consistent effectiveness. 

In the fall of 1922, the writers started experiments with a number of 
the most promising, new seed-treatment materials. A summary of the 
earlier results has been published (13). The manufacture of some of these 
compounds first used has been discontinued, while other compounds have 
been discarded because of ineffectiveness. On the other hand, new seed- 
treatment compounds appeared upon the market too late to be included 
in the experiments here described. 

materials 

In the spring of 1925, rather extensive seed-treatment experiments were 
undertaken, especially with liquid treatments. Only those compounds that 
seemed most promising and were then available were used. All compounds 
employed were of recent manufacture. The following compounds were 
used: 
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A. For liquid treatments. 

1. Uspulun, a hydroxymercurichloroplienol sulphate preparation, pro- 
dneed by the Bayer Company, Inc., New York City. 

2. Bayer Compound, a hydroxymercurinitrophenol sulphate compound, 
also produced by the Bayer Co., Inc., New York City. 

3. Germisan, a mercury eresohsodium cyanide compound, manufac- 
tured by the Saccharin-Pabrik Aktiengesellschaft, vorm Pahlberg 
List and Company, Magdeburg, Germany. 

4. S. P. A. No. 125, and 

5. S. P. A. No. 175 ,■ the chemical composition not known to the writers ; 
both manufactured by the Saccharin-Pabrik Aktiengesellschaft, 
vorm Pahlherg List and Company, Magdeburg, Siidost, Germany. 

6. Semesan, a chlorophenol mercury compound made by E. I. du Pont 
de Nemours and Company, Inc., Wilmington, Del. 

7. Corona No. 620, a mercurated ortho-nitro-phenol and 

8. Corona No. 640, a mercurated acetaldehyde; manufactured by the 
Corona Chemical Division of the Pittsburgh Plate Glass Co., Mil- 
waukee, Wis. 

9. Tillantin ‘‘C,’’ a colloidal copper and organic arsenic compound 
made in Germany and sold in this country by H. A. Metz and Com- 
pany, Inc., 122 Hudson St., New York City. 

B. For dust treatments. 

10. Uspulun-Bolus, similar in composition to Uspulun, but in the form 
of a dust, and 

11. Bayer No. 3, the same as Bayer Compound, but to be used in dust 
form; manufactured by the Bayer Company, Inc,, New York City. 

12. S. P. A. No. 225, manufactured by the makers of Germisan. 

13. Semesan, the same as No. 6, used as a dust. 

14. Semesan Jr., made by the manufacturers of Semesan. 

15. Copper Stearate, made by the manufacturers of Corona No. 620, 

The seed used in the 1925 experiments was Oderbrucker barley, Wiscon- 
sin Pedigree No. 6 (C. I. No. 1146), secured from the Agronomy Depart- 
ment of the Wisconsin Agricultural Experiment Station and grown on West 
Hill Experiment Farm near Madison, Wis. Three lots of this seed from 
the 1922, 1923, and the 1924 crops, respectively, were used for the liquid 
treatments. The seed had been cleaned by means of a fanning mill before it 
» was received. 

All the seed treatments were applied at Arlington Experiment Farm, 
Va., by one of the writers, in February, 1925. 
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METHODS AND RESULTS 

Liquid Treatments, For the liquid treatments, 1, 0.5, and 0.25 per cent 
water solutions of each compoimd were carefully made up in glazed, earthen- 
ware jars. The temperature of the solutions was kept at about 18° 0. 
throughout the treatments. The seed was placed in properly labeled, clean, 
cheesecloth bags, 100 to 200 gms. in each, and immersed in the solutions for 
the given lengths of time. After being allowed to drain a few minutes in 
the bags, the seed was spread out on paper towels to dry. The drying was 
hastened by the use of electric fans. When thoroughly dry, the seed was 
packeted in envelopes, 16% gms. in each, for subsequent sowings in rod- 
rows at the rate of one gram per linear foot of row. 

On account of the shortage of the stripe-infected seed, a closely similar 
barley, Wisconsin Pedigree No-. 9, 1924 crop, was used to test the effects of 
the treatments on germination. A portion of this seed was treated similarly 
and 500 kernels from each lot of treated seed and eight lots of 500 kernels 
each of untreated seed were sown in the field at Arlington Experiment 
Farm, Va., April 13, 1925. The germination counts, made May 2, are 
shown in table 1. 

TABLE 1. — Germination percentages of Wisconsin Pedigree No. 9 'barley, grown in 

19^4, untreated or treated with different seed disinfectants and sown in the field 
in paired rows, 250 seeds per row, replicated twice, at Arlington Mx- 
periment Farm, April IS ; data recorded May 2, 1925 


Grermination percentages of seed 


Seed 

disinfectants 

Soaked 1 hour in 
water solutions of : 

Soaked 2 hours in 
water solutions of : 

Untreated 

1 

per cent 

0,5 

per cent 

0.25 

per cent 

1 

per cent 

0.5 

per cent 

0.25 

per cent 

Uspulun 

92 

94 

92 

89 

91 

91 

• 77 

Bayer Compound 

82 

90 

91 

81 

86 

86 

79 

Germisan 

78 

82 

85 

73 

85 

83 

79 

S.E.A. No. 125...... 

SO 

86 

77 

79 

91 

94 

82 

S-RA. No. 175. 

83 

91 

91 

68 

84 

90 

83 

Semesan 

91 

90 

86 

92 

92 , 

86 

81 

Corona No. 620... 

55 

67 

75 

40 

57 

70 

77 

Tillantin '^C’^., 

73 

79 

79 

50 

78 

76 

77 


The field sowings of the treated and the untreated stripe-infected seed 
were made in three essentially parallel series, as follows : 

Series I at Arlington Farm, Va., March 16, 1925, Series II and III at 
Madison, Wis., April 11 and May 9, 1925, respectively, 
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TABLE 2. — Summary of data on stride-disease control in Wisconsin Pedigree No 6 larle^i 
seed untreated or treated with different seed disinfectants at Arlington NxpeHment Par^ Vn 
and sown as follows : m, y a. 

Series I at Arlington Farm, Ya., March 16, 19M. Six replications. 

Series II at Madison, Wis,, April 11, 1925, Five replications. 

Series 111 at Madison, Wis,, May 9, 1925. Four replications. 


Hspulun , 


Seed 

from 

Total number of stripe-infected plants from 
one hour in a water solution 

seed soaked for 
of 

crop 

1 per cent 


0.5 per cent 

0.25 per cent 

of 

Series 

I II III 

Total 

Series 

1 II III Total 

Series 

I II III 

Ti 


Bayer Compound 1922 

1923 

1924 
Total 


0 0 0 0 

0 0 0 

4 T 0 5 

4 1 0 n 


Germisan 1922 0 0 0 0 

1923 0 0 0 

1924 0 0 0 0 

Total 0 0 0 0 


S.P.A. Ho. 125 ... 1922 

1923 

1924 
Total 

S.P.A. Ho. 175 ... 1922 

1923 

1924 
Total 


0 0 0 

0 2 

7 4 0 

7 6 0 


Semesan 1922 1 1 1 3 

1923 0 1 1 

1924 4 3 0 7 

Total 5 5 1 11 

Corona Ho. 640 1922 98 47 13 153 

1923 29 19 ...... 48 

1923 89 41 16 146 

Total 216 107 29 352 


Corona Ho. 620 1922 

1923 

1924 
Total 

Tillantin ^'C^^a 1922 

1923 

1924 
Total 


1 0 0 

0 0 ...... 

0 0 0 

1 0 0 

1 0 0 

0 0 

0 0 

10 0 


0 2 0 

0 0 

4 0 0 

4 2 0 

0 1 1 

0 1 

8 10 

8 3 1 

0 0 0 

0 0 

0 0 0 

0 0 0 

2 3 0 

2 2 

14 11 0 

18 16 0 


7 2 

0 0 

9 1 

16 3 


128 76 *22 

50 33 

99 62 16 

277 171 38 

4 0 0 

1 0 ...... 

4 1 0 

9 10 


0 0 0 

0 0 

0 0 

0 0 0 


1 0 

0 4 

15 6 

16 10 


0 0 0 

0 0 

0 0 0 
0 0 0 


27 23 

48 37 

20 4 

5 7 

24 14 

49 25 


14 9 3 2 

6 1 ...... 

21 8 1 3 

41 18 4 6 

150 76 21 24 

71 41 11 

107 76 21 20 

328 193 42 56 

2 1 0 

0 0 

5 0 0 

7 10 


‘ Only i:liree replications in Series I. 
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rpn+nl number of stripe-infected plants from seed soaked for 
two hours in a water solution of 


|Nuinber of stripe-infeeted plants, 
from untreated seed 


tTper cent 

0.5 per cent 

0. 

25 per cent 

■j 

Series | 

I II in 1 

Total 

Series 

I II III 

i 1 

i Total 

1 

I Series ! 

I 11 III 1 

Total! 

1 

0 

0 

0 

0 

1 

1 

0 

2 

0 

3 

0 

3 

n 

0 * 

0 

0 

0 


0 

0 

1 . 


1 

0 

0 

1 

1 

3 

0 

2 

5 

1 

1 

1 

3 

0 

0 

1 

1 

4 

1 

2 

7 

1 

5 

1 

7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

1 

4 

0 

0 

0 

0 

1 


1 

1 

0 


1 

3 

1 

2 

6 

4 

3 

0 

7 

13 

2 

2 

17 

3 

1 

2 

6 

4 

4 

0 

8 

14 

5 

3 

22 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

...... 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

2 

0 

6 

1 

1 

1 

0 

7 

2 

11 

3 

6 

2 

2 

19 

5 

0 

0 

0 

0 

9 

3 

0 

12 

19 

7 

2 

28 

2 

0 

0 

2 

16 

5 

0 

21 

33 

15 

4 

52 

0 

0 

0 

0 

0 

0 

0 

0 

3 

1 

1 

5 

0 

0 


0 

0 

0 


0 

4 

1 


5 

2 

0 

0 

. 2 

3 

5 

0 

8 

13 

5 

3 

21 

2 

0 

0 


3 

5 

0 

8 

20 

7 

4 

31 

0 

1 

0 

1 

5 

0 

2 

7 

15 

2 

4 

21 

0 

0 


0 

0 

0 


0 

1 

2 

6 

3 

1 

0 

0 

1 

4 

5 

1 

10 

14 

0 

20 

1 

1 

0 

2 

9 

5 

3 

17 

30 

4 

10 

44 

85 

54 

18 

157 

150 

67 

19 

236 

198 

84 

27 

309 

27 

10 

37 

55 

27 


82 

83 

83 

13 

116 

64 

37 

10 

111 

96 

68 

13 

177 

114 

64 

201 

176 

101 

28 

305 

301 

162 

32 

495 

395 

181 

40 

626 

0 

1 

0 

1 

2 

2 

0 

4 

2 

1 

0 

3 

0 

0 


0 

1 

0 


1 

0 

0 

..... 

0 

0 

0 

0 

0 

1 

0 

2 

3 

1 

1 

2 

0 

1 

0 

1 

4 

2 

2 

8 

3 

2 

0 

5 

0 

0 

0 

0 

1 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 0 

0 


0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

......... 

1 

1 

0 

0 

0 

0 0 

0 

0 

0 

1 

1 

0 

2 


122 31 

56 

93 17 
271 48 


1 

i 




CD 

Series 




1 I 

II III 

Total 

g ^ 

1 




< pH 

139 

96 

20 

255 

21 

117 

77 


194 

32 

127 

95 

24 

246 

21 

383 

268 

44 

695 



97 

37 

134 

17 


69 


69 

17 


103 

22 

125 

16 


269 

59 

328 


166 

107 

33 

306 

26 

130 

55 


185 

31 

119 

98 

22 

239 

20 

415 

260 

55 

730 




108 

27 

135 

17 


75 


75 

20 


77 

18 

95 

12 


260 

45 

305 


142 

93 

24 

259 

22 

123 

55 


178 

29 

188 

89 

22 

299 

25 

453 

237 

46 

736 



97 

32 

129 

16 


49 


49 

12 


94 

10 

104 

13 


240 

42 

282 


212 

87 

40 

339 

27 

109 

49 


158 

26 

149 

97 

29 

275 

23 


470 233 69 772 


153 

56 

110 

319 


19 

14 

14 


230 126 32 

108 56 ...... 

100 26 

338 282 58 


388 32 

164 29 

126 16 
678 
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Unfortunately, the limited amount of 1923 seed available made it neces- 
sary to sow three replications less of this seed lot than of the 1922 and 1924 
seed lots of which six replications were sown for each treatment, with the 
exception of Tillantin “C.” A slight shortage of 1924 seed made it neces- 
sary to omit the treatment of this seed lot with Tillantin “ C, ” Series I. 

Infection counts on the first, second and third series w^ere made May 
20-22, July 2-6 and July 15-17, respectively, the number of diseased plants 
per row being recorded. Representative rows from each treatment and 
from the controls were pulled and the plants counted so that the number 
of striped plants per row could be expressed in terms of approximate per- 
centages. 

The results showing the degree of stripe control by each of the liquid 
treatments in all three series are summarized in table 2. 

Yields were obtained from certain representative row’s in the second 
series when the grain had ripened. For this purpose rows w’ere selected in 
which the stripe control was best, together with nearby control row’s. These 
rows were carefully harvested and threshed separately. The threshing was 
done at the West Hill Experiment Farm, Madison, Wis., with the rod-row 
thresher of the Agronomy Department, Wisconsin Agricultural Experi- 
ment Station. Immediately after threshing, the yield from each row 
threshed was cleaned in a small fanning mill. The cleaned grain was then 
carefully weighed. The yields are given in table 3. 

Dust Treaiments. Preliminary experiments with dust treatments in- 
cluding copper carbonate, Seed-o-san, Corona 640, Napthal dust and a mix- 
ture of Semesan and Lux failed to disclose any that satisfactorily eliminated 
stripe disease. 

Another series of dust treatment experiments of limited scope was car- 
ried out at Arlington Experiment Farm, Va., in the spring of 1925. Seed 
from the crops of 1922 and 1923 was used. The dusts were applied by 
placing sixty grams of the infected seed in a large-mouthed bottle and add- 
ing a heaping teaspoonful of the dust to be tested. The bottle was corked 
and shaken thoroughly until the seeds w'ere coated as much as possible. 
The excess dust was removed by pouring the seed on a coarse sieve. A dif- 
j ferent bottle was used for each treatment. The seed from each treatment 
was sown at Arlington Experiment Farm, Va., March 21, 1925, in paired 
rod-rows replicated twice. Untreated controls were sown at the same time. 
The same rate of seeding was used as in the case of the liquid treatments, 
and the germination percentages of the treated and the untreated seed also 
were determined in the same manner. Infection counts were made May 27. 
The germination and infection data are shown in table 4. 
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TABLE 4 . — Stripe disease oowtrol in Wisconsin Pedigree No, 6 iarley, seed untreated 
or treated with different dust disimfectants and sown in rod-rows at Arlington 
Experiment Farm, Va., March $1, 19$5. Infection count— May 27, 1926 


Treatment 

Number of striped plants per 
rod-row from 

Total 

Average 

Approxi- 
mate 
per cent 
infection 

Per cent 
germi- 
iiation 

192f 
Bow 1 

seed 
Bow 2 

191 
Bow 3 

23 seed 
Bow 4 

Check 

50 

69 

55 

50 

'224 

56 

17 

83 

Uspulun 

45 

. 40 

36 

38 

159 

40 

12 

82 

Bayer No. 3. 

26 

27 

18 

15 

86 

22 

7 

85 

Check 

80 

65 

61 

65 

271 

68 

21 

82 

S.P.A. No. 225... 

2 

2 

0 

0 

•4 

1 

0.3 

87 

Semesan Jr 

8 

4 

1 

6 

19 

5 

2 

83 

Check 

65 

55 

80 

60 

260 

65 

20 

81 

Semesan 

27 

25 

0 

0 

52 

13 

4 

88 

Copper stearate... 

50 

55 

60 

55 

220 

55 

17 

86 

Check 

60 

65 

39 

40 

260 

65 

20 

82 


SUMMARY 

1. From the standpoint of effects on germination it will be noted from 
table 1 that Corona 620 produced the greatest reduction in the percentage 
of germination compared with the untreated controls, although S.F.A. No. 
175 and Tillantin “C” at 1 per cent for two hours also caused marked in- 
jury to germination. The other treatments either did not affect germina- 
tion or apparently improYed it to some extent. Uspulun-treated seed 
showed the highest average percentage of germination throughout, while 
next in order came seed treated with Semesan, Bayer Compound, S.F.A. No. 
125 and No. 175, Germisan, Tillantin “C” and Corona 620. 

2. The Germisan treatments were the only ones that completely elimi- 

nated sWpe disease, although some of the others reduced it to a very slig ht 
trace. Therefore, if stripe-free seed is the aim of the grower, it seems that 
treatment with Germisan can be recommended, whereas if the only aim of 
• f reduce the loss due to stripe in the crop grown from badly 

^ treatment is to be practised every year, a number 

0 e 0 her disinfectants will serve the purpose equally well. It will be 
noted that while treatment with Uspulun resulted in the highest percentage 
pt germination (table 1), it also resulted in the highest yield (table 3) while 
It redwed the stripe disease to a slight trace (table 2). Germisan, on the 
other hand, while controlling stripe disease perfectly, did not improve the 
germination of the seed nor materially increase the yield of grain. Seme- 
lan^ also a chlorophenol mercury compound like Uspulun, was almost equal 

A 1 ^^# Its effect on percentage of germination, stripe control, and 
7 ela 01 gram. The same is true of Bayer Compound. 
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3. According to the data presented, it seems that either Germisan or 
Uspulun produced the best results, depending on the purpose of the treat- 
ment. At any rate, several of the treatments -were superior to formaldehyde 
and copper-sulphate treatments which invariably have been found to pro- 
duce seed injury. 

4. The data presented in table 4 show that the dusts had no apparent 
effect on the germination of the seed, the treated and untreated seed showing 
about the same percentage of germination. All of the dusts decreased the 
amount of stripe to some extent, and a few almost eliminated it. The effec- 
tiveness of dust treatments for stripe disease probably depends to a great 
extent on the amount of moisture in the soil at the time of sowing the seed. 
Therefore, more work on the relation of soil moisture to the effectiveness of 
dust treatments is desirable. 
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AN IMPROVED METHOD OP ISOLATING PSEUDOMONAS 
TUMEPACIENS Sm. and Town. 

M. K. Patel 


In connection with our cultural and isolation studies of the organism 
causing crown gall {Pseudomonas tumefaoims Sm. and Town.) , it was found 
that a small amount of sodium taurocholate in dextrose agar inhibits the 
development of most of the contaminating organisms and seemingly stimu- 
lates the growth of Ps. tumefaciens. The medium is made as follows: 
dissolve 15 grams of powdered agar in a double boiler, adding 3 grams of 
sodium taurocholate and 10 grams of Witte’s peptone. After thoroughly 
digesting these two ingredients, add 20 grams of dextrose and lastly two ce. 
of a 1-1,000 aqueous solution of crystal violet. Filter twice through cotton 
and sterilize at 15 pounds pressure for 15 minutes. It is preferable to allow 
the freshly sterilized agar to cool to 40° C. and to pour the plates imme- 
diately, rather than to allow the agar to solidify and then remelt. 

The utilization of this medium makes it possible to take large amounts 
of tissue with comparatively little dilution. Two or three pieces of tissue 
10 X 10 X 2 mm. from different parts of the gall are finely chopped in 5 cc. 
of sterile distilled water in a sterile petri dish. The macerated material 
is allowed to stand for two to twelve hours to allow the bacteria to diffuse 
out of the tissue. One to two cubic centimeters of this suspension are 
placed with a sterile pipette into 50 cc. of melted bile agar, shaken well and 
used to pour five plates. The poured plates are incubated at 27°-30° C. 

The advantages of this method are that less drastic disinfection of the 
gall tissue is required and a greater quantity of inoculum may be used; the 
development of the coccus forms and psychrophilic soil bacteria is inhibited 
by the bile and high temperature of incubation; the growth of the Gram- 
positive bacteria is inhibited by the crystal violet [Hexamethyl violet 
(chloride)]. 

This method does not exclude certain bacterial colonies which have at 
first a close resemblance to Ps. tumefaciens but which later seem to be 
quite distinct from those of the crown gall organism. Ps. tumefaciens is 
not inhibited, but develops as rapidly as on potato dextrose agar in pure 
culture. 

By this method it is possible to recover Ps. tumefaciens from gall tis- 
sue, such as apple, much more readily than by using potato dextrose agar 
and the Small amount of inoculum usually employed in dilution plates. 

Iowa Agricultural Experiment Station, 

Ames, Iowa 


mm 



PHYTOPATHOLOGICAL NOTES 

An Improved Method for Isolation of Thielavia lasicoU, Recently be- 
ing desirous of isolating the fungus Thielavia basic, ola in pure culture from 
tobacco roots aifected with the Thielavia root rot and remembering the diffi- 
culty previously experienced in doing this by the poured plate methods 
usually employed in such cases and the similar experiences of others who had 
worked with this fungus, it occurred to me that tobacco seedlings might ad- 
vantageously be used to assist in securing the pure culture. Accordingly 
seed of White Burley tobacco was sown quite thickly on blotting paper 
moistened with sterile water in small glass moist chambers. At the same 
time tiny bits of the dark brown, infected portions of the diseased tobacco 
roots above-mentioned were scraped off and scattered among the tobacco 
seed. The moist chambers were kept at room temperature, and in a few 
days the tobacco seed germinated. After about 10 days, when the seedlings 
were to % inch tall, it was noted that one had shrivelled at the base 
and fallen over. On microscopic examination it was found that the root 
and stem to the very leaves were parasitized by the mycelium of Thielavia 
basioola, and an abundance of spores, both endoconidia and chlamydospores, 
the former in greater number, were present on the seedling. During the 
next few days several of these parasitized tobacco seedlings were removed 
with sterile forceps from the moist chambers and laid on carrot agar plates, 
and in every instance pure cultures of the fungus were readily secured. 
The fungus grew out on the agar in most instances without the bacterial con- 
tamination usually encountered in making plates direct. At the same time 
several attempts made by other workers to isolate the fungus from the same 
material by the usual agar plate method either were unsuccessful or suc- 
ceeded only after considerable difficulty and delay. The method is so 
simple, yet so successful, that it may be of assistance to others who have 
occasion to isolate Thielavia^ or it may be adapted for use in other, similar 
cases. — W\ W. Gilbert^ U. S. Department of Agriculture, Washington, D. 0. 

Stain Technology. Under the auspices of the Commission on Stand- 
ardization of Biological Stains, a journal, Stain Technology, has been started 
under the editorship of H. J. Conn, chairman of the commission, who rep- 
resents the field of bacteriology. The fields of chemistry, zoology, pathol- 
ogy, and botany are represented respectively by the following associate 
editors: W. C. Holmes, S. I. Kornhauser, P. B. Mallory and W. R. Taylor. 
The journal is devoted primarily to the nature and uses of biological stains, 
including, however, articles dealing with microscopic technic in general when 
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they have a close bearing on staining procedures, Brief notes of only one or 
two paragraphs dealing with new staining procedures are welcome. 

Authors who have matter for publication along the lines indicated are 
invited to submit it to the editor at the address : Lock Box 299, Geneva, New 
Jork.— H. J. Conn, Chairman, Commission on Standardization of Biolog- 
ical Stains. 
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INFLUENCE OP THE ENVIRONMENT ON POTATO MOSAIC 

. SYMPTOMS 

0 . M . T 0 M P K I K S 1 
INTRODUCTION 

The mosaic disease of potatoes is one of the most common and widespread 
of potato diseases. Because of its economic phases it has become a matter 
of considerable importance to understand the relation of environmental 
conditions to the disease as bearing on held inspection, seed certification, 
seed selection, and potato indexing. Environmental studies are of con- 
siderable scientific interest as well, since the nature of the causal agency 
of the virus diseases to which potato mosaic belongs never has been defi- 
nitely ascertained. It is now generally recognized that low temperatures 
are conducive to the development of symptoms of potato mosaic and that 
high temperatures mask the symptoms. No information exists, however, as 
to how long these higher temperatures must be maintained in normal daily 
fluctuations in order to bring about masking. The investigations reported 
in this paper deal mainly with this problem, together with a study of other 
environmental conditions which might Gonceivably affect the symptoms of 
potato mosaic. 

REVIEW OF PREVIOUS WORK 

Potato mosaic was not definitely recognized as such until about 1911 
(34), but the disease undoubtedly existed many decades before this, 
Schacht (40), as early as 1856, and Kiihn (23), in 1872, noted that weather 
conditions influenced the Krauselkrankheit of potatoes. This disease may 
have been caused by potato mosaic or a combination of potato viruses. In 
recent years, since the definite recognition of mosaic as a single disease or a 
group of diseases on the potato, a number of observers have noted that 
environmental conditions influence the symptoms: Stakman and Tolaas 

1 The investigations herein reported were conducted in the greenhouses of the De- 
partment of Plant Pathology at the University of Wisconsin, dnring the period 1923 
to 1925. The writer is especially indebted to Brs. L. B. Jones and James Johnson for 
helpful advice and suggestions. This work was supported in part by funds appropriated 
by the Colorado Agricultural Experiment Station. 
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(43), Freiberg (12), Melbns (27), Murphy (28, 29, 30, 31, 32, 33), Schultz 
et al (41), Folsom (10), Schultz and Folsom (42, 11), Cotton (3, 4), Dick- 
son (5, 7), Bdgerton and Tiebout (9), Orton (35), Quanjer (38), Ducomet 
(8), Link (24), MacMillan (25), and Hungerford and Raeder (16). With 
the exception of Freiberg, however, none of these writers made any serious 
attempt to determine experimentally just what environmental factor was 
concerned with the modification of symptoms, although temperature among 
other factors was generally believed to be responsible. 

Johnson (18, 19) was the first to make a detailed study in an attempt 
to determine which of the environmental factors were responsible for 
masking and where the dividing line occurred which separated the symp- 
toms of mosaic from masking. Early recognizing the need for more re- 
liable data on air temperatures, he undertook a series of experiments in an 
attempt to determine the critical air temperature for potato mosaic. He 
designed and constructed three simultaneously operated constant air-control 
chambers having thermostatic control, refrigeration within the cooler 
chambers, an automatically controlled humidifying system for each cham- 
ber, and means for renewal and circulation of air within the chambers. A 
description of the chambers has been published, but, since that time, they 
have been modified and improved. Johnson’s method consisted of placing 
young potato plants already showing mosaic symptoms in the air-control 
chambers and keeping them there continuously for one to two weeks at 
various temperatures. It was found that the disease could be inhibited at 
as low a temperature as 23° to 24° C. Below that point symptoms of 
mosaic were readily induced, while above it masking occurred. Above the 
critical temperature, new leaves appeared, free from symptoms, while the 
symptoms in the older leaves gradually became less distinct and finally 
disappeared. 

Goss (13), and Peltier and Goss (36), working in Nebraska under con- 
trolled conditions comparable to those under which Johnson’s experiments 
were conducted, substantiated the latter’s results in general. Further 
studies on the effect of air temperature recently were reported by Goss and 
Peltier (14) ; and a preliminary note on the principal conclusions drawn in 
the present paper has already been published (45). 

Light is the only other environmental factor which has received special 
experimental consideration. Schultz and Folsom (42), Ducomet (8), Mac- 
Millan (25), Link (24), and Goss (13) seemed to agree that more distinct 
symptoms occurred on shaded than on unshaded potato mosaic plants, al- 
though Goss and Peltier (14) later concluded that light intensity had no 
effect on potato mosaic symptoms. 

Soil temperature and soil moisture were believed by many writers to be 
responsible in part for the variation in potato mosaic symptoms as evidenced 
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by the observations of Ducomet (8), Murphy (30, 31), Orton (35), and 
Goss (13). In general, these writers noted that low soil temperatures and 
high soil moisture were apparently more favorable for mosaic symptoms 
on the potato. Goss and Peltier (14) later concluded that these factors 
had no direct effect upon potato mosaic symptoms. 

Ducomet (8) and Link (24) believed that atmospheric humidity had 
some influence on potato mosaic symptoms. 

Some attempt has been made to modify the symptoms of mosaic by vary- 
ing the soil nutrients, apparently without success, as reported by Schultz 
and Folsom (42); although Perret (37) and Butler (2) claim to have 
masked mosaic by heavy manuring. 

DESCRIPTION OP THE TYPE OP POTATO MOSAIC USED 

Considerable confusion exists at present in regard tO' the classification 
and description of potato mosaic. It was first described as a separate form 
of virus disease by Orton (34) in 1914, the description being based upon 
observations made in Germany in 1911. Soon thereafter Quanjer (38) 
distinguished between mosaic and the leaf -rolling type of degeneration. 
At present, according to published reports, there are ten or more kinds of 
degeneration diseases. 

Several classifications have been offered in recent years as a means of 
distinguishing between the various degeneration diseases of the potato. In 
1921-1923, Quanjer (39) listed eight different potato virus diseases occur- 
ring in Europe, three of which are distinct types of mosaic. In 1921, 
Murphy (29) named hut one type of potato mosaic, later adding a supple- 
ment (30) in which he distinguishes between simple mosaic and crinkle. 
Schultz and Folsom (42) have named seven types of degeneration diseases 
of the potato, three of which are forms of mosaic. 

On the basis of these descriptions it is very difficult, if not impossible, 
for the widely separated workers to use them reliably and to interpret 
results therefrom. For instance, Quanjer (39) was not working with 
mosaic on the Trinmph variety in Holland, and, inasmuch as he did not 
personalty see the type of mosaic used at Wisconsin, it would appear that 
he may have been in error in stating that Johnson (19) confused crinkle 
with mosaic in experiments made in 1921. On the other hand, the con- 
fusion is apparently simply a question of nomenclature and a matter of 
acceptance of classification. Whatever may be the final name applied to the 
disease that Johnson worked with, it was unquestionably one form of potato 
mosaic and the same type as that with which this investigation is concerned. 
The type of mo-saic worked with by Johnson in no way corresponds with 
Qjxanjer's crinkle, as judged either by the description or by the plate. 
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The type of mosaic used in connection with the intermittent air tempera- 
ture and other environmental experiments will he referred to as typical 
Wisconsin Triumph mosaic. According to Schultz, *who- has personally 
seen the type of mosaic used in my experiments and in those of Johnson’s, 
the marked type of Triumph mosaic should be classified as rugose mosaic. 
The description of mottling and wrinkling by Schultz and Folsom (42) 
satisfactorily describes these effects on Wisconsin Triumph potatoes. In 
general, mosaic potato plants have a chlorotic color compared wdth healthy 
ones. 

In the following experimental data the term masking is used frequently. 
By masking is meant primarily the absence of the symptoms of mosaic on 
plants or parts of plants which are affected with the disease following the 
required incubation period. Complete masking makes it impossible to dis- 
tinguish between mosaic and healthy leaves from plants produced from 
previously tested tubers. It is not understood that this represents recovery 
in the true sense of the word, because the virus is still present in the leaves, 
as may be demonstrated by exposing the plants constantly to air tempera- 
tures favorable for the development of symptoms. 

EXPERIMENTAL EESULTS 

Influence of AiV Temperature 

The experimental results secured by Johnson (19), and corroborated 
by Goss (13), apparently established the critical temperature for masking 
of the typical Wisconsin Triumph potato mosaic at approximately 24° C. 
under a continuous exposure to this temperature. The value of these data 
was interpreted particularly in terms of weekly, monthly, or seasonal varia- 
tions in temperature. Under practical cultural conditions, however, crops 
are ordinarily subjected to a wide daily fluctuation in temperature. The 
critical temperature lies at such a point that under average conditions it is 
easily conceivable that during half of the day conditions are favorable for 
the disease and during the remaining half favorable for masking. Under 
mountain conditions in Colorado, or under northern conditions in the Wis- 
consin potato* districts, high temperatures at noon and relatively low tem- 
peratures at night are generally the rule rather than the exception. Under 
these conditions of daily fluctuation of temperatures, masking occurs, as is 
evidenced by personal observations and reports from the observers to* whom 
reference has already been made, It was natural to suppose, therefore, 
that the length of actual exposure to temperatures above and below the 
critical temperature might be of considerable importance in the phenomenon 
of masking. The experimental results on temperature reported in this 
paper are primarily concerned with the effect of varying lengths of ex- 
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posiire of mosaic potato plants to temperatures favorable and unfavorable 
for symptoms of the disease. 

Experimental Equipment and Methods Used. The experiments 
were performed in the greenhouses at the University of Wisconsin, 
using the same constant air-control chambers used by Johnson (18). 
Three chambers were operated simultaneously at different temperatures. 
The thermometers in the chambers were frequently compared with stand- 
ard thermometers. The air temperature in each of the chambers usually 
did not vary more than one degree Centigrade. The humidity in the 
air-control chambers was regulated so that the evaporating power of 
the air in each chamber, as determined by Livingston atmometers, was 
approximately the same. Since the experiments in the greenhouses and in 
the chambers were conducted during the short days of the winter months, 
the plants naturally did not have normal light. However, judging from 
the appearance of the plants, they did not suffer seriously from lack of 
light, and it is not believed that this factor influenced the results, 

Plants were exposed in the chambers simultaneously at such a time 
during the day as might most closely approximate field conditions. For 
example, in giving a two-hour exposure, plants were placed in the chambers 
at 11:00 A. M. each day and removed at 1:00 P. M, After exposure in 
the air-control chambers, the plants were returned to a cool greenhouse in 
which the air temperature was especially favorable for mosaic symptoms 
(ranging from 12° to 16° G.), and in which light and humidity conditions 
were uniformly good. The plants were kept in the cool greenhouse for 22 
hours and then again placed in the chambers. 

In all of the experiments, with but few exceptions which are noted 
elsewhere, Triumph stock grown under Wisconsin conditions was used. In 
several experiments, the People ^s was used, a late variety belonging to the 
Pearl group as given in Stuart’s classification (44). Its culture in the 
United States is confined almost exclusively to western Colorado*. 

All tubers were first indexed in 4-inch porous clay pots as a test for 
mosaic. It was comparatively easy to differentiate between healthy and 
mosaic plants very soon after the young sprouts had broken through the 
soil. The young plants were then transferred to 6-inch pots and observed 
for one to several days prior to starting an experiment. The plants usually 
averaged about one inch in height at the time an experiment began. All 
experiments covered a period of at least two weeks. Weil-drained fertile 
soil was used. Sufficient water was added to the soil each day to keep the 
plants well supplied, but no attempt was made to measure and regulate 
the amount of moisture. The soil temperature in the pots was approxi- 
mately equal to the air temperature of the chambers. 
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In general, three mosaic plants and one healthy plant were placed in 
each air-control chamber ; while the controls, consisting of the same number 
of plants, were kept in the cool greenhouse continuously. 

Greenhouse Experiments. Mosaic and healthy plants one inch high 
were exposed in the air-control chambers 9 hours daily, from 7:30 A. M. 
until 4:30 P. M., at temperatures of 15°, 24°, and 28° C. respectively. 
Between 4 : 30 P. M. and 7 : 30 the next morning, the plants were kept in a 
cool greenhouse. The plants were in the chambers, therefore, 9 hours out 
of every 24, and in a cool greenhouse the remaining 15 hours. Control 
plants, healthy and mosaic, remained in the cool greenhouse continuously. 
Masking of the symptoms at the two higher temperatures was obtained 
in 7 days, i.e., new leaves emerging from the bud showed solid dark-green, 
flat foliage, indistinguishable from healthy foliage. The lower or older 
leaves still showed some mottling, but the wrinkling effect had disappeared. 
With intermittent exposures, just as in the case of constant exposures, 
masking occurs first and proceeds more rapidly in young tissues than in 
older leaves. At 15° C., mottling and wrinkling remained unchanged, 
but small necrotic areas developed in the diseased leaf tissue. Likewise 
diseased control plants remaining continuously in the cool greenhouse 


TABLE 1. — Average leaf area of mosaic plants exposed for two hours a day at dif- 
ferent temperatures 


Temperature in degrees 0. 

Average leaf area 

1 in square inches 

15 

11.41 

24 

12.53 

28 

23.90 

15 (Controls) 

' 8.13 


developed necro-tic areas. Healthy plants used as controls at the higher 
temperatures showed slight chlorosis and dropping of some of the lower 
leaves, while at the lower temperature and in the cool greenhouse the con- 
trols retained their dark green foliage. (See table 2 and Plate XXVIII.) 

After the intermittent exposures w^ere discontinued, the plants were 
allowed to remain in the cool greenhouse continuously. Mottling again 
developed after 13 days on new leaves of mosaic plants which had been 
exposed at 24 C. Symptoms became visible after 18 days on mosaic plants 
which had been exposed at 28“ C. Masking is therefore only temporary, 
and mosaic symptoms are again induced by exposure to low temperatures. 
It is not known whether the virus is present in the leaf in the same pro- 
portions during the period of masking as it is when the leaf is mottled. 
This probably could be determined only by a series of dilution inoculations 
to healthy potato plants. 
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Pour additional experiments were conducted at the same temperatures 
with intermittent exposures of 2, 3, 4, and 5 hours respectively. Results 
obtained were confirmatory of the experiment described above; these are 
given in table 2 (Plate XXIX) . Referring to table 1, it may be noted that 
almost three times as much leaf tissue developed in the mosaic plants at 
28° C. as in the controls (Plate XXX). 

In a second series of experiments, diseased and healthy plants were 
exposed in the chambers at higher temperatures, namely, 20°, 30°, and 
40° C., while the length of exposure varied from 2 to 6 hours (table 3, 
Plate XXXI). At 40° C., exposure seemed to induce not only excessive 


TABLE 2. — Time regmred for m<isJcing of mosaic plants exposed for different lengths 
of time at different temperatures 


Temperature in 
degrees C. 

No. of hours of 
exposure a day 

No. hours in green- 
house at 15° 0. 
a day 

No. days required for 
masking 


9 

15 

No masking 


5 

19 

do 

15 

4 

i 20 

! do 


3 

21 

do 


2 

22 

do 


9 

15 

7 


I 5 

19 

i 25 

24 

' 4 

20 

33 


! 3 i 

21 

38 


■ '2 

22 

42 


9 

15 

7 


5 

19 

15 

28 

4 

20 

17 


3 

21 

20 


2 

22 

28 

15 

(Controls) 

! 0 . 1 

24 

No masking 


ehlorophyl prodiictio-n but stunting of the plants as 'well. 

Temperatures of 15°, 24°, and 28° C. were used in a series of experi- 
ments with the People's variety in which exposures were made in the 
chambers at night (Plate XXVIII). Table 4 shows the time required for 
masking when plants were exposed for different lengths of time at different 
temperatures. 

Again referring to table 2, it was found that mosaic plants can be 
masked in 15 days with a 5-hour exposure at 28° C. and in 25 days at 24° 0. 
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Further experiments were conducted to determine whether masking could 
proceed to completion if a continuous 5-houi’ intermittent exposure were 
broken up into five integral parts; exposing the plants for one hour in the 
chambers, followed by one hour at a low temperature outside the chambers, 
then placing the plants in the chambers again for another hour, and con- 
tinuing the process until a total exposure of 5 hours had been given. Tri- 
umph stock from Florida was used. Temperatures in the chambers were 
held at 23°, 29°, and 35° C. Plants were placed in the chambers at 7 : 30 
A. M., 9:30 A. M., 11:30 A. M., 1:30 P. M., and 3:30 P. M., being re- 
moved therefrom during the alternate hours to a cool greenhouse. After 
completion of the total 5-hour discontinuous exposure, the plants were 
kept the remaining number of hours in the cool greenhouse. Diseased 
plants at 29° and 35° C. were masked in 8 days. This indicated that mask- 
ing could be secured with a discontinuous exposure. 


TABLE 3.— Time required -for masking of mosaic plants exposed for different lengths 
of time at different high temperatures 


'Temperature in 
degrees C. 

Ko. hours of ex- 
posure a day 

No. hours in green- 
house at 15° 0. 
a day 

No. days required for 
masking 


6 

18 

No masking 

20 

4 

20 

do 


■■ 2 

22 

do 


6 

18 

6 

30 

4 

20 

9 


2 

22 

13 


6 

18 

4 

40 

4 

20 

5 


2 

22 

7 

15 




(Controls) 

0 

24 

No masking 


It then became of some interest to know whether a continnons S-honr 
intermittent exposure could produce masking more quickly than a 5-hour 
discontinuous exposure. Two series of pots, each series having three 
mosaic plants and one healthy plant for each temperature, were used. 
Temperatures of 23°, 29°, and 35° C. were again employed. With one 
series the plants were exposed in the chambers for 5 consecutive hours, from 
9 ; 30 A. M. to 2 : 30 P. M. each day. The plants in the second series were 
run on a discontinuous schedule, commencing at 7 : 30 A. M. with exposures 
in the chambers. Masking was secured in 7 days in plants given a eon- 
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tinuoTis 5'h.oiir intermittent exposure, while a 5-honr diseontinnons- ex- 
posure required 13 days to bring about masking at 35° 0. 

Effect of Date of Planting on the Symptoms at High Altitudes, Ac- 
cording to MacMillan (25), the symptom of mottling does not appear in 
potatoes grown at an altitude of 8,000 to 8,500 feet above sea level. 

Tuber indexed stock was shipped from Wisconsin to Colorado in the 
spring of 1924: and planted at an elevation of 8,000 feet near Eagle, Colo- 
rado. This work was conducted avS an experiment to test the effect of high 
altitude on Wisconsin mosaic stock and to determine whether or not, under 
field conditions, masking could take place as a result of short intermittent 
exposures at air temperatures above 23° to 24° C. Three plantings were 
made, 10 days apart, commencing on May 20 and ending June 9- The 
average day and night air temperatures are given in table 5. 

The lot planted earliest came through the soil showing typical mottling, 
although it was not of the same pronounced type as is encountered in in- 


TABLE 4 . — Time required for maslcing of mosaic plants exposed flight for different 
lengths of time at different temperatures 


Temperature in 
degrees C. 

No. hours of ex- 
posure a niglit 

No. hours in green- 
house at 15° G. 
a day 

No. days required for 
masking 


15 

9 

No masking 

15 


IS 

, do 


3 

21 

do 


15 

9 

8 

24 ' 

■ 9 ! 

15 

17 


3 

21 

’21 


15 

9 

8 

28 

9 

15 

12 


3 

21 

15 

15 

(Controls) 

0 

24 

No masking 


dexing work under greenhouse conditions. Mottling and wrinkling of the 
leaves were plainly visible until July 2, at which time all symptoms dis- 
appeared. With the second planting, symptoms were visible until the 
same date, when they too disappeared. The third lot never showed any 
symptoms. When the sprouts came up, the air temperature was above 
that of the critical temperature for short periods each day from June 24 
on, long enough to inhibit the development of symptoms from the time of 
emergence from the soil, regardless of the fact that at night the air tem- 
perature dropped as low as 0° C. This small amount of field evidence 
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indicates that mottling may appear quite markedly in the high altitudes 
in Triumph stock if air temperatures are below 23° to 24° C., while higher 
temperatures mask the symptoms. The conclusion seems justified, there- 
fore, that altitude has little, if any, effect on Triumph mosaic as far as 
mottling is concerned. 

Conclusions from Air TemperaUire Experiments. The experimental 
results presented above are believed to be sufficient to justify the conclu- 
sion that relatively short exposures to high temperatures are sufficient to 
mask potato mosaic. This is of practical significance, since considerable 
fiuetuations in air temperature occur throughout the entire 24 hours of 
the day in nature. High temperatures, as they occur under field condi- 
tions, are of an intermittent character and may persist for one to- several 
hours. Consequently masking is not induced by constant exposures in the 
field but rather by intermittent exposures. 

With intermittent exposures the rate of masking was found to be de- 
pendent largely upon the duration of exposure, upon the air temperature 
above 23° to 24° C., and upon the age of the leaves. In general, the higher 
the air temperature the more rapidly masking took place, within certain 
limits ; while the rate of masking was retarded as the critical temperature 
was approached. Masking was first obtained and proceeded more rapidly 
in new young tissues than in older leaves with short intermittent exposures. 
Johnson’s results "were similar with constant exposures. At 30° to 40° C., 
the higher temperatures seemed to induce masking of new and old tissues 
with equal rapidity; at least no marked differentiation could be made be- 
tween the rate of masking of old versus new tissues. 

It seemed at first that masking might be associated with increased 
chlorophyl production. This appeared to be true when mosaic plants were 
exposed to intermittent high air temperatures. However, with constant 
exposure at similar high air temperatures, the leaves, while masked, were 
lighter green in color, a condition which suggested that masking may 
occur without increase in chlorophyl content in the leaves. In the earlier 
experiments, newly masked leaves produced at 24° C. contained decidedly 
less chlorophyl than new leaves at 28° C. The chlorophyl content devel- 
oped at air temperatures of 30° and 40° G. w^as distinctly different from 
that which obtained at 24° and 28° C. Intermittent exposures at night, in 
comparison with day exposures, resulted in masked tissue which was paler 
green in color than that of plants exposed in daylight. 

The first effect on the new leaves as they developed, produced by in- 
termittent exposures during the process of masking, was wrinkling. The 
process was gradual but of relatively short duration. Before this was 
entirely accomplished, mottling began to disappear from the lamina. In 
general, masking proceeded from the base of the leaf next to the petiole 
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upward toward the apex. Masking was never considered complete in new 
leaves until they appeared without signs of mottling and wrinkling. 

After masking, plants were then subjected to constant air temperatures 
below the critical air temperature, with the result that symptoms of mosaic 
reappeared. A longer period elapsed before the symptoms returned after 
a 6-hour exposure than after a 2-hour exposure at 40° C.; and the same 
thing was true for different length exposures at 30° C. Likewise, symp- 
toms returned more quickly on plants exposed for 6 hours at 30° C. than 
on plants exposed for a similar period at 40° C. A definite rate for the 
return of symptoms on mosaic plants masked at different temperatures 
could not be established* 

TABLE 5 . — jEffeot of air iemperaturos on maslcing of mosaic symptoms at JEaglCf 

Colorado f season of 1904 


Period 

Average air temperature 
in degrees C- 

Eesults 


Day 

Night 


May 19 to May 25 

22 1 

0 

No masking 

May 26 to June 1 

12 i 

-3 

do 

June 2 to June 8 

20 i 

0 

do 

June 9 to June 15 

23 ; 

-3 

do 

June 16 to June 22.... 

23 ! 

-3 

do 

June 23 to June 29 

30 i 

0 

Masking 

June 30 to July 6 .... 

30 1 

5 

do 

July 7 to July 13 

25 ' 

1 , . ' 5' 

do 


Influence of Soil Temperature and Soil Moisture 

Experiments on soil temperatures and soil moistures were conducted in 
order to determine the extent to which these factors operate, if at all, in 
bringing about masking. 

The soil temperature studies were conducted simultaneously with those 
on soil moisture. The Wisconsin soil temperature tanks, previously de- 
scribed by Jones (21), were used. Plants were grown in galvanized iron 
cans 5x8xl2]4 inches in size. These were immersed in tanks electrically 
heated and controlled by electric thermostats. 

The moisture-holding capacity of the soil was determined by the 25 cm. 
tube method. The soil-moisture content was brought to the desired point 
by adding sufficient water to each can through a glass tube leading to an 
inverted porous clay pot and was kept approximately constant by weigh- 
ing the cans daily and adding enough water to restore the desired weight. 
Increase in weight of the plants was not taken into account in the weighings. 
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TABLE 6. — Dufation of masUtig at dif event soil te^nperatures with different soil 

moistures (Experiment 1) 


Approximate soil tem^ 
perature in de- 
grees C. 

Approximate per- 
centage soil 
moisture 

Eesiilts — Dee. 9 to 
Dec. 22, 1924 

Eesults — ^Dee. 23 to 
Jan. 5j 1925 


25 

Ko masking 

No masking 

20 

40 

do 

do 


60 

do 

do 


80 

do 

do 


25 

ISTo masking 

No masking 

2o 

40 

do 

do 


60 

do 

do 


80 

do 

do 


25 

No masking 

No masking 

30 

40 

. do 

do 


60 

do 

do 


80 

do 

do 


25 

Masking 

Mosaic symptoms 

35 

40 

do 

appeared Bee. 26 


60 

do 


■ — “ — — — — 

80 

do 



^ The soil temperature tanks were kept in a cool greenhouse in which 
the air temperature was held at approximately 15° C. Pour tanks were 
used, the water in each of which was held at 20°, 25°, 30° and 35° C 
respectively. Each tank was supplied with a series of 10 cans. Five 
moistures in duplicate were used in each tank, namely, 25, 
.0, 60, 80, and 100 per cent of the moisture-holding capacity of the soil. 

TABLE 1. —Duration of masUnff at different soil temperatures with different soil 
moistures {Experiment 2) 


Approximate soil 
temperature in 
degrees C. 

Approximate percent- 
age soil moisture 

Eesults — ^Jan. 25 to 
Eeb. 14, 1926 

Eesults — ^Eeb. 15 to 
Eeb. 21, 1925 

26 

40 

60 

No masking 
do 

No masking 
do 

29 

40 

60 

No masking 
i do 

No masking 
do 

32 

40 

60 

Masking 
do: ■ 

Mosaic symptoms 
appeared 

Mosaic symptoms 
appeared 

85 

40 

60 

; Masking ■ ^ y 
do 
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Triumph mosaic stock from Florida, previously indexed, was used. 
Two seed pieces, each composed of a single eye, were planted in each can. 
From each seed tuber used, four eyes were cut. All four seed pieces were 
planted in separate cans at the same percentage of soil moisture but held 
at different soil temperatures. This permitted observation.? on the same 
tuber as to the effect of variation in soil temperature. 

At 20°, 25°, and 30° C., all plants showed mosaic symptoms. No 
symptoms appeared on plants at 35° C. until a lieight o£ 8 inches was 
attained, indicating that the point had been reached where low air tem- 
perature replaced high soil temperature as the dominating factor, thus 
inducing mosaic symptoms "which earlier were inhibited. Neither high 
nor low soil moistures intensified or reduced the symptoms. 

This experiment indicated that high soil temperature may be a factor 
in masking plants during the earlier stages of growth, even though the air 
temperature is favorable for mosaic symptoms. It also indicated that a 
critical temperature exists at about 30° to 35° C., above which there is mask- 
ing of plants from the time of emergence until plants are about 8 inches 
high, and below which mosaic symptoms readily appear (table 6). 

The results of other experiments were confirmatory and are given in 
table 7. It was found that temporary masking of leaves may be induced 
by soil temperatures as low as 32° C. (Plate XXXII). 

No attempt was made to determine whether the amount of virus in the 
leaves during the period of masking was less than when characteristic 
symptoms were present. 

Soil moisture exerted little or no influence on masking. There was 
practically no variation in the intensity of symptoms of plants growing 
in different moistures at the same temperature. 

Infliience of Humidity 

Eecorded observations concerning the effect of humidity on the symp- 
toms of potato mosaic are very limited, judging from the literature. Mosaic 
symptoms have often appeared to be unusually marked in regions of high 
humidity, and in some cases this was attributed largely to high modsture 
content of the air. Other workers have considered low humidity which 
characterizes semi-arid and arid regions to be one of the primary con- 
tributing causes of pronounced masking. Up tO' the present time, no ex- 
perimental evidence based on work conducted under controlled conditions 
has been presented. 

A series of experiments W’^as carried out in the control chambers in an 
attempt to determine to what extent humidity affects the symptoms. Three 
control chambers were operated simultaneously, the air temperature 
throughout all of the experiments recorded being held a few degrees below 
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that of the critical temperature, averaging 19° to 20° 0. This temperature 
■was favorable for mosaic symptoms. The humidity, on the other hand, 
■was varied. Variations in humidity included relative humidities averag- 
ing 43, 81, and 95 per cent. The humidities were maintained at a fairly 
constant level by the control apparatus without great difficulty, never fluc- 
tuating more than 5 per cent except for a few minutes when the chambers 
were opened in order to water the plants or to attend tO' apparatus. The 
rate of evaporation was measured by three Livingston atmometers placed 
in each chamber. The method of experimenting was essentially the same 
as in the air temperature experiments. The results of four experiments 
are shown in table 8. 

Neither high nor low humidities had any effect on the symptoms at the 
particular air temperatures used. Both healthy and mosaic plants exposed 


TABLE 8.—l7iflmnee of variation in humidity upon mosaic symptoms 


Experiment 

No. 

Date performed 

Comparative 
humidity in 

Approximate 
relative hu- 

Average daily 
evaporation in 
c.c. frona 
atmometers 

Results 


chambers 

midity 



Nov. 12 to Dec, 

Low 

43 

35.8 

No masking 

1 

2, 1924 

Medium 

81 

15.9 

do 


High 

95 

7.3 

do 


Nov, 19 to Dec. 

Low 

43 

36.5 

No masking 

2 

2, 1924 

Medium 

81 

15.5 

do 



; High 

95 

■,7.5:; ■ 1 

do 


Mar, 2 to Mar. 

Low 

47 

34.0 

No masking 

3 

Id, 1925 

Medium 

81 

15.2 

do 



High 

93 

7.5 

do 

4 

Mar, 9 to Mar. 
22, 1925 

Low 

Medium 

47~~^^ 

81 

33.0 

13.9 

No masking 
do 


High 

93 

9.5 

do 


in the chambers had longer internodes than the controls grown in the cool 
greenhouse. Humidity in the cool greenhouse approximated that of the 
low humidity chamber and, inasmuch as the controls showed no internodal 
elongation, the conclusion seems warranted that light was largely respon- 
sible for internodal elongation in the ease of plants in the chambers. 

Influence of Light 

Light is an important environmental factor, but one of such complexity 
that its relationship to normal plants is not perfectly understood, and 
still less is Imown about its relation to plant diseases. Under field condi- 
tions light is intimately associated with air temperature, and it is difficult 
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to attempt to separate one from the other. Certain investigators have 
demonstrated that the absorption of light by a green plant may raise the 
temperature of the plant from 1 to 10 degrees; hence any eonclnsions 
drawn regarding its effects are frequently open to serious question. 

Many investigators, as previously noted, report that symptoms of potato 
mosaic are affected by shading the plants. The experiments on light were 
conducted to determine whether shading, colored lights, or constant ex- 
posure to light tends to increase or decrease the symptoms of the disease. 

Effect of Shading with Cheesecloth. Pour cages covered with white 
cheesecloth were used, varying from one to four thicknesses of cloth. Six 
mosaic potato plants of the People ^s variety "were placed under each cage, 
■while eight mosaic plants for use as controls were kept in the greenhouse 
without being covered. The air temperature in the greenhouse averaged 
about 20"" C. and was therefore favorable for mosaic symptoms. Observa- 
tions made over a period of four 'weeks indicated that mottling and wrink- 
ling of the leaves were neither intensified nor reduced. 

Effect of Colored Glass. Five glass chambers served for the study of 
the effect of colored light on the symptoms. A good grade of colored glass 
was used, the colors consisting of red, blue, yellow, and green, in addition 
to plain glass. Cold air w’^as supplied tO' each chamber through rubber 
tubing by means of an electric blower which was in operation day and 
night. In no case did the air temperature exceed 23° C. The experiment 
was continued for two weeks. Mottling and wrinkling were reduced under 
green glass, while the other colors had no effect on the symptoms but did 
cause etiolation. 

Effect of Constant Exposure to Light. Mosaic plants, one inch high, of 
the People's variety, were placed beneath five 200-watt lamps equipped 
with reflectors, distributed overhead in such a way as to cast essentially 
the same amount of light on each plant. The plants were exposed to con- 
tinuous illumination, during the day from natural sources and at night by 
means of artificial light. Controls were kept in a remote part of the green- 
house, away from the electric lamps. The air temperature was favorable 
for mosaic symptoms. At the end of three weeks the internodes of plants 
under the electric lamps w^ere much elongated in comparison with the inter- 
nodes on the controls, while the leaves were smaller. In spite of the differ- 
ences in growth between the two sets of plants, there was no macroscopic 
difference in symptoms between the plants given continuous light and the 
controls. 

Other experimental results were confirmatory. The conclusion is drawn 
that shading with cheesecloth, colored lights, or constant illumination does 
not intensify mosaic symptoms, or reduce them, so far as macroscopic ob- 
servations are concerned when the experiments are conducted during winter 
months under greenhouse conditions. 
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Influence of Nntriiion 

So far as can be ascertained, no studies have been reported on the in- 
fluence of nutrition on the symptoms of potato mosaic where pure sand 
cultures were employed. 

Johnston (20) determined the proportion of salts necessary to produce 
the best growth of potato plants by means of sand cultures. Potato spouts 
were grown in a series of solutions consisting of 21 different salt propor- 
tions of monobasic potassium phosphate (KH2PO4), calcium nitrate 
( Ca (NO3) 2) , and magnesium sulfate (MgSo4) . He found that the average 
highest yielding culture contained the three salts in the following volume- 
molecular concentration : KH2PO4, 0.0065M. ; Ca(N03)2, 0.0086M. ; MgS04, 
0.0021M. 

Nutrient solutions were prepared on the basis of Johnston ^s highest 
yielding culture. When transposed in terms of grams, the formula for 
his complete nutrient solution is: KH 2 PO 4 , 0.8850 grams; Ca(N03)2, 1.4111 
grams; MgS04, 0.2528 grams. Pour solutions were prepared, consisting 
of a complete nutrient solution, a solution lacking in nitrogen, another lack- 
ing in phosphorus, and still another lacking in potassium. 

Two sprouts, one healthy and one mosaic, from Wisconsin Triumph in- 
dexed stock, were placed in each sand culture. The sand was first flooded 
with nutrient solution diluted to 10 per cent strength, followed by with- 
drawal so as to reduce the total amount of solution to 50 per cent of the 
dry weight of the sand. Moisture of the sand was kept at approximately 
11 per cent, which represented 50 per cent of the moisture-holding capacity 
as determined by the use of Hilgard trays. During the second week a new 
solution of 50 per cent strength was added, followed during the third week 
by a solution of full strength. Liquids were withdrawn from the cultures by 
means of suction. No attempt was made to- measure evaporation or tran- 
spiration. Air temperatures in the greenhouse fluctuated from 15° to 
20° C. 

Pour series of three crocks each were used. To the first series complete 
nutrient solution was added; to the second a nutrient solution lacking in 
nitrogen; to the third a solution lacking in phosphorus; the fourth was 
supplied with a solution lacking in potassium. 

At the end of the fifth week the symptoms were as marked as at the 
beginning. There was very little difference among the several cultures as 
far as growth and intensity of symptoms were concerned. Other experi- 
ments were confirmatory. 

These experiments, although limited in extent, were of such a convinc- 
ing nature as to discourage any expectation of altering mosaic symptoms 
by varying the nutrition of the plants; consequently this line of effort was 
discontinued. The results are believed sufficient, however, to justify the 
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conclusion that little or no modifying influence on mosaic results from 
varying the three principal elements for plant growth. 

Pathological Histology in B elation to Mashing 

Considerable attention has been given by investigators to the histology 
of healthy and mosaic leaves of various Solanaceae, especially tobacco, 
tomato, and potato. 

Koning (22) and Heintzel (15) found few deviations, microscopically, 
in mosaic tobacco leaves from normal healthy tissue. 

Woods (47), in 1902, noted that the palisade cells of the light green 
areas were cuboidal in shape and found there was an abrupt change from 
these cells to those of the dark green areas, the latter being considered 
healthy. 

Iwanowski (17) also noted ' shortened and cuboidal cells in the yellow 
areas. 

Westerdijk (46) found no striking differences between mosaic and 
healthy tomato leaves, while Melchers (26) observed that yellow areas 
were slightly thinner than the green areas in mosaic tomato leaves. 

Dickson (6), in 1921, concluded that true mosaic histological symptoms 
included hyperplasia of palisade parenchyma in light areas. Later he (7) 
found a number of variations from healthy tissue in mosaic potato leaves. 

The literature apparently contains no information relative to histologi- 
cal studies on leaves where the symptoms have been masked as a result of 
high temperatures. Masked leaves present an entirely different macro- 
scopic appearance from leaves showing symptoms, particularly with regard 
tO' mottling and wrinkling. Some histological differentiation takes place, 
apparently, and the investigation was commenced on this assumption. 

Plealthy, mosaic, and masked leaves were selected during the course of 
both air and soil temperature experiments. Tissue was taken from masked 
plants at 30° C., and from mosaic and healthy leaves at air temperatures 
below 23° to 24° C.; in the soil temperature experiments from healthy, 
masked, and mosaic plants at 32° and 35° C. 

All material was killed in formal-acetic-aleohol fixative and imbedded 
in paraffin. Sections were cut 10 microns thick and stained with Haiden- 
hain’s iron-alum-haematoxylin and the triple combination of Flemming ^s 
Safranin, Gentian-yiolet, and Orange G (in clove oil). 

Influence of Air Temperature. Examination of sections from healthy 
tissue at both 30° C. and 15° C. disclosed no abnormalities. In mosaic tissue 
from leaves produced at 15° C., the well-known light and dark areas were 
observed. Masked leaves at 30° C. have palisade cells reduced in width 
and length, thus eliminating all intercellular spaces, except where certain 
palisade cells took a position at a slightly inclined angle to the right or 
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left of the vertical plane of the section. The cells of the spongy parenchyma 
were arranged regularly in rows, and all intercellular spaces were elimi- 
nated. A leaf in a masked condition presents two marked aspects : reduc- 
tion in size in both axes and compact arrangement of palisade cells, and 
increase in number of spongy parenchyma cells with elimination of inter- 
cellular spaces. 

No attempt was made to investigate the progressive changes in histology 
which undoubtedly occur from the time a diseased plant is placed in a high 
air-temperature chamber until the time when new leaves appear devoid of 
all mottling and -wrinlding. Under field conditions where masking has 
taken place and inspection for mosaic is rendered impossible, it wmuld seem 
probable that, with a knowledge of the structure of healthy, mosaic, and 
masked leaves in mind, leaves could be examined quickly by making free- 
hand sections and the presence or absence of mosaic established. 

Influence of Soil Temperaiiure, Microscopically it was impossible to 
distinguish between healthy and masked leaf tissues of plants grown in soil 
temperatures of 32° and 35° C. Development of upper and lower epi- 
dermis, palisade cells, and spongy tissue with large intercellular spaces was 
entirely comparable to the healthy condition. 

Air Temperatures in certain Potato-growing SecAions, Since intermit- 
tent high air temperatures have been shown experimentally to be of con- 
siderable importance in the process of masking of mosaic symptoms under 
greenhouse conditions, an attempt was made to show how these results 
might be of practical significance in connection with conditions obtaining 
under the natural environment. 

The data used were compiled from the records of the United States 
Weather Bureau and cover the potato-growing periods of the years 1915, 
1916, 1923, and 1924. Six representative potato states, including two in 
the South and four in the North, were selected as a basis for comparison. 
The maximum daily temperatures were used since it w’^as believed this would 
represent more correctly the conditions which concern potato mosaic from 
the standpoint of masking. These figures were averaged to give the air 
temperatures for weekly periods upon w^hich the conclusions have been 
drawn. Masking, as shown by Johnson (19), occurs only above 75° F.; 
below that point the symptoms show readliy. The data cover the air tem- 
peratures from the approximate time of emergence of plants from the soil 
until harvest. 

The air temperatures at Greeley, Colorado ; Fort Myers, Florida ; Alex- 
andria, Louisiana; and Spooner, Wisconsin, were brought together for 
comparison, based on average planting dates of May 29, December 27, 
January 29, and June 5 respectively. A similar comparison was made 
between St, Augustine, Florida; Baton Rouge, Louisiana; Orono, Maine; 
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Kig, 1. Graphic comparison of average weekly maximum air temperatures pre- 
vailing in different potato-producing regions from date of planting until harvest time. 
1915: A. Greeley, Colorado ,* Port Myers, Plorida; Alexandria, Louisiana; Spooner, 
Wisconsin. B. St. Augustine, Florida; Baton Bouge, Louisiana; Orono, Maine; Med- 
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Pia. 2. Oraphie compaxisoa of average weekly maximum air temperatures pre- 
vailmg in different potato -producing regions from date of planting until harvest time. 
X916: 0* Greeley, Colorado,* Fort Myers, Florida; Alexandria, Louisiana; Spooner, 
Wiseonsin* B, St. Augustine, Florida; Baton Rouge, Louisiana; Orono, Maine; Med- 
ford, Kew York. 
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Pig. 3. Graphic comparison of average weekly maximum air temperatures pre- 
vailing in different potato-producing regions from date of planting until harvest time. 
J.923: E. Greeley, Colorado; Port Myers, Plorida; Alexandria, Louisiana; Spooner, 
Wisconsin. P. St. Augustine, Plorida; Baton Rouge, Louisiana; Orono, Maine; Med- 
ford, New York. 
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and Medford, New York, whose average planting dates were December 
27, January 29, May 29, and May 29 respectively. The air temperature 
records in each series are believed to be representative of conditions in the 
surrounding commercial potato-producing sections. The approximate dates 
of planting naturally do not coincide in the comparative graphs, but that 
is immaterial since the growing season itself was considered and not the 
time of year. 

An attempt has been made to correlate the conclusions drawn from 
the climatological data with experimental results on air temperature. For 
example, at 30° C. (86° F.), with a 6-hour intermittent exposure, masking 
occurred in 6 days; while at 28° C. (81° F.) masking occurred in 7 days 
with a 9-hour intermittent exposure. Masking undoubtedly proceeds at a 



Fig. 5. Grapbie representation, based on a 4-year average of maximuin daily air 
temperatui’es, showing periods favorable for masking of symptoms in different potato- 
producing regions. A. Greeley, Colorado. B, Fort Myers, Florida. 0. Alexandria, 
Louisiana. D. Spooner, Wisconsin. 

more rapid rate in the field because the symptoms are less marked outdooi^ 
than on diseased plants produced under a more uniform air temperature 
in a greenhouse. Employing the six-hour exposure as a basis o-f com- 
parison, figures 1, 2, 3, and 4 illustrate differences in temperatures in the 
several states, which may or may not mask symptoms, for each of the four 
years. An interpretation of the four-year averages is presented in figures 
5 and 6, which illustrate the periods during the growing season when high 
temperatures favorable for masking oecnr. In Colorado the period of 
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masking is most likely to begin about the third week and continue through- 
out the entire growing season. The latter half of the growing season in 
Florida and Louisiana, from the tenth week on, favors masking. In Maine, 
New York, and Wisconsin, the second one-third of the season, from the 
fourth tO' the thirteenth week, is favorable for masking of the symptoms. 


DISCHSSION OP RESULTS 

It is believed that the experimental evidence presented establishes be- 
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Fig. 6. Graphic representation, based on a 4:-year average of maximnm daily air 
temperatures, showing periods favorable for masking of symptoms in different potato- 
producing regions. E. St» Augustine, Florida. F. Baton Eouge, Louisiana. G. Orono, 
Maine. H. Medford, New York. 

yond reasonable doubt that air temperature is the criterion which influences 
the presence or absence of the symptoms of potato mosaic and that such 
factors as soil temperature, soil moisture, humidityj light, and nutrition 
are of minor, if any, importance. 

Relatively short intermittent exposures at air temperatures above the 
critical temperature (23° to 24° 0.) are sufficient to induce masking of the 
symptoms, the rate of masking depending largely upon the length of ex- 
posure, upon the air temperature to which mosaic plants are exposed at or 
above the critical temperature, and upon the age of the leaves. The experi- 
mental results, therefore, indicate the importance and significance of the 
effect o€ relatively short periods of temperatures above 24° C. on mosaic, 
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especially "wlieii comparison is made between the data obtained under con- 
trolled conditions and that secured from official weather records. 

The application in research and practice of the experimental results on 
intermittent exposures at high air temperatures is obvious. Experimental 
studies with mosaic should not be carried out without giving attention to 
the air temperatures at which they are performed. This is especially true 
in cross inoculation experiments and in studies on the influence of other 
environmental conditions or circumstances on the occurrence of mosaic. 

The tuber-index method of eliminating mosaic from seedstock as de- 
scribed by Blodgett (1) will no doubt be used to an increasing extent. It 
is fundamental to this method that attention be given to the air tempera- 
ture at which the potatoes are grown. 

Of greater importance at present is the relationship which intermittent 
exposures at high air temperatures bear in general to seed potato inspection 
and certification work. At best, tuber indexing cannot be carried out ,on a 
large scale owing to the limited amount of available greenhouse space and 
to the relatively short period of time in which this type of work can be done, 
limited as it largely is to the winter months. Consequently the major part 
of the seed-improvement work must be done under a system of roguing in 
seedplots or in the commercial field. The success or failure of this method 
is directly dependent upon the daily variation in temperature. The pos- 
sibility of great variation in several northern and western states with re- 
spect to periods favorable for the appearance of symptoms of potato mosaic 
has been suggested in a preceding chapter. In the West, the difficulties 
are apparently much greater than in the middle-western or eastern states, 
owing to periods of prolonged high air temperatures. 

The effect of short exposures at high air temperatures on potato plants 
growing under field conditions also presents another aspect of general in- 
terest and one of much economic importance. The northern and western 
states which devote considerable acreage to the Triumph variety depend 
largely upon southern states as a market for seedstock. It has previously 
been shown that low air temperatures may predominate throughout the 
first half or more of the growing period in southern potato regions, with 
the result that the northern and western certified seed or other seedstock 
is put to a severe test in the average season. The southern grower is there- 
fore naturally desirous of securing as healthy seed potatoes as possible from 
the seed-potato growing districts. In some seasons northern stock has 
apparently been entirely satisfactory, but, at other times, as a whole it has 
not. This may be due, in part at least, to seasonal differences in air tem- 
peratures which have been unfavorable for eliminating diseased stock in 
the North or which have been especially favorable for bringing out the 
symptoms in the South. In Louisiana and other southern areas, in the 
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spring of 1925, it has been estimated by experiment station ofacials that 
an average of 20 per cent of mosaic appeared in fields planted from certi- 
fied stock, while the mosaic count in fields planted from common stock 
varied from 20 to 90 per cent In consequence the yield of potatoes in the 
South is reduced considerably, and this in turn reflects on the market for 
the northern seed-potato producer. Eeduction in the amount of mosaic 
in northern stock in the future will apparently depend largely upon the 
amount of seed which can be properly indexed under greenhouse conditions 
and the increase of this stock at suitable isolated places rather than upon 
roguing in the field, although it is recognized the latter method may always 
be a necessary adjunct. 

SUMMARY 

1. Studies have been made to determine the influence of air tempera- 

ture, soil temperature and soil moisture, humidity, light, and nutrition on 
the symptoms of potato mosaic. ' 

2. Air temperature was found to be the main and only factor affecting 
the amount and intensity of symptoms on potato foliage under greenhouse 
conditions. 

3. Exj^eriments conducted in constant air-control chambers indicated 
that relatively short exposures to air temperatures above that of the critical 
air temperature (23° to 24° C.) were sufficient to mask the symptoms of 
mosaic. The rate of masking was found to be dependent largely upon the 
duration of exposure, upon the air temperature to which exposed, and upon 
the age of the leaves. 

4. Differences in air temperature accounted for marked variation in 
leaf area produced on mosaic plants exposed for the same length of time. 

5. Masked mosaic plants subjected to low air temperatures always re- 
developed characteristic symptoms of mosaic. 

6. Symptoms of mosaic on the Triumph variety appeared in the field 
at a high altitude wffien air temperatures were favorable, but mottling was 
not as marked as under low altitude conditions, 

7. High soil temperatures may be of importance in masking mosaic 
plants during the earlier stages of growth, regardless of the amount of 
moisture present in the soil, or air temperature favorable for the appear- 
ance of symptoms. 

8. The effect of soil moisture, humidity, light, and variation in three 
essential elements for plant growth failed to decrease or intensify the symp- 


:ed that masked leaves show marked devia- 
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10. The time and duration of the period of masking varies in different 
potato-producing regions. 

11. Intermittent air temperatures are of fundamental importance in 
connection with the tuber-index method for testing seed potatoes, in seed 
potato inspection and certification, and in experimental studies on mosaic. 

University op Wisconsin, 

Madison, Wisconsin. 
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explanation op plates 
Plate XXVIII 

Representative leaves (B, 0, D) from potato plants exposed for 15 hours at 
to temperatures indicated, but remaining for 9 hours with controls (A and E) at 
15° C. 


Will;?' 


A. Mosaic control. 

B. Mosaic leaf at ! 


B. Mosaic leaf at 15° 0. showing typical symptoms. 

G, Mosaic leaf at 24° C, completely masked after 8 days. 

D. Mosaic leaf at 28° C. completely masked after 8 days. 

E. Healthy control. 

Representative leaves (E, G, H) from potato plants exposed for 9 hours 
temperatures indicated, but remaining for 15 hours with controls (A and E) at 
15° C. 

E. Mosaic leaf at 15° C, showing typical symptoms. 

G. Mosaic leaf at 24° C. partially masked after 7 days. 

H. Mosaic leaf at 28° C, completely masked after 7 days. 




m 


Plate XXIX 

Representative leaves from potato plants exposed for 4 hours daily to temper 
tures indicated but remaining for 20 hours with control plants D and E at about 

A. Masking almost completed in mosaic leaf at 28° C. after 15 days. 

B. Mosaic leaf at 24° C. with severe symptoms partially lacking. 

C. Mosaic leaf at 15° 0. showing typical symptoms. 

D. Healthy control. 

E. Mosaic control. 


Plate XXX 

Representative mosaic potato plants exposed for 2 hours daily to temp 
indicated, but remaining for 22 hours with control plant D at about 15° 0. 

A. Mosaic plant at 15° C. showing typical symptoms. 

B. Mosaic plant at 24° G. showing typical symptoms. 

G, Mosaic plant at 28° 0. almost completely masked after 25 days. 

D. Mosaic control. 
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Plate XXXI 

Representative mosaic potato plants exposed for 6 hours daily to temperatures 
indicated, but remaining for 18 hours with control plants A and B at about 15° C. 

A» Healthy control. 

B. Mosaic control. 

0. Mosaic plant at 40° 0. with symptoms masked after 6 daysj decided stunting. 

D. Mosaic plant at 30° C. with symptoms masked after 6 days. 

E. Mosaic plant at 20° 0, showing typical symptoms. 

Plate XXXII 

Representative healthy and mosaic potato leaves from plants grown in soil 
temperatures indicated, but at air temperatures favorable for mosaic. 

At 26° G. 

A. Healthy leaf. 

B. Mosaic leaf showing typical symptoms. 

At 29° C. 

O. Healthy leaf. 

I). Mosaic leaf showing typical "symptoms. 

At 32° G. 

B. Healthy leaf. 

P. Mosaic leaf with symptoms completely masked after 18 days. 

At 35° C. 

0, Healthy leaf. 

H. Mosaic leaf with symptoms completely masked after 18 days. 























VERTICILLIUM-WILT OP MAPLE AND ELM-SEEDLINGS 

IN HOLLAND 

JikkeH.H.vandeeMeer 

ACER 

Yerticilliosis is described as a serious disease of several species of Acer 
in tlie United States of America and in Canada [Rankin (6), Zimm (7), 
Colley (4)j Anonymous (1)]. According to Zimm (7), the isolated fungus 
appeared to be entirely different from Verticillium alio-atrum attacking 
potato. As he, and also Rankin (6), mentioned sclerotium-like bodies, it 
is highly probable that the fungus in question was VerUcilUum dahliae Kleb. 

A case of Yerticillium-wilt of maple was observed in Holland in 1919 
by the Phytopathological Service, and the disease was attributed to Verticil- 
Hum alVo-airum (2). In March, 1925, the Phytopathological Service, re- 
ceiving some diseased young maples from another locality, sent one of the 
specimens to me. All isolations in this ease gave Verticillium dahliae Kleb. 

In September, 1925, the opportunity of studying maple-wilt more ex- 
actly offered itself. In the garden of a laboratory situated on the '^Wage- 
ningsehe Berg,’’ where previously many cases of Yerticilliosis, occurring in 
a great variety of hosts, were observed and described (5), two specimens of 
Acer platanaides L. var. schwedleri, about nine years old, suddenly showed 
the characteristic symptoms of wilting. One of the trees was photographed 
^September 22 (Fig. 1), Five of the branches were dead, two were de- 
foliated, five bore only a few leaves, and two had more normal foliage. In 
the part of the crown which was still living there were several dead lateral 
branches. The tree had produced very little new growth; the one-year-old 
shoots were generally 15-24 cm. and those of one branch were 40 cm. long. 
Four suckers had developed at the trunk, two of which bore wilting leaves. 
The north side of the trunk was flattened from the base to* the top, the bark 
having died and ruptured longitudinally, especially where it touched the 
living tissue. Also at the other side of the tree, and at the bases of some 
branches, dead sunken areas were to be seen. The conidial stage of Nectria 
cinnaharina occurred here and there on the injuries. The canker already 
had been noticed the preceding year. The dead areas were then cut out 
and the wounds dressed with ■ ‘ earbolineum.” No wonder that at the outset 
the gardener attributed the disease to Nectria, Being not quite sure of the 
diagnosis, he drew my attention to the trouble. 
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The tree was dug September 23 and studied in detail. The cross-sections 
of trunk, branches and roots (PI. XXXIII, A) showed a characteristic dis- 
coloring of the wood; a central, irregular brown-green spot with a fringed 
dark-green edge, whereas stipples of the same color were found in the spring 
wood of the youngest annual rings. The internal symptoms resembled 
closely those of wilting cherry trees, except in the color of the diseased 
wood, which in the latter case was brown (5). The annual ring of 1925 


o. J.. Acer platanoides L. var. schwedleri at Wageningen naturally infected with 
VerUdlUum dahliae Kleb. Photographed Sept. 22, 1925. 

■was much less well developed than the others and it failed completely at 
the above mentioned cankered spots (Plate XXXIII, A) . The discoloration 
ox the 1924 and 1925 annual rings could be followed in a longitudinal direc- 
tion from^ the roots up to some two-year-old shoots. In one case a slight 
discoloration was stiU observed even in the current season’s growth. 

The trunk, the branches and the root, of which cross-sections are photo- 
graphed, were subjected to cultural and microscopical examination. Ver- 
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ticilUum dahliae Kleb. was isolated from the woody tissue of the three dif- 
ferent parts of the tree. It grew out chiefly from the vessels of the 1925 
annual ring. It appeared that a two-year-old shoot already contained the 
fungus, the new growth not yet being attacked. 

Sections were made of the diseased wood, and a microscopic examination 
was made. The vascular walls 'were yellowed, and a gum-like substance 
was frequently noticed within the vessels. Eadial sections were prepared 
from the remnants of those branch and root pieces from which Yerticillium 
dahliae had been isolated. These sections were stained with Bleu cotton 
and the mycelium could be observed readily in the vessels. Microsclerotia 
mentioned by Eankin (6) were not found in the tracheae. 

ULMUS 

According to Versl. en Med. Phytopath. Dienst Wageningen (2) Terii- 
cillium was isolated from the branches of Ulmus wheatlei, the wood of 
which had brown stipples. The disease was also observed in Ulmus cam- 
pestris. 

Bewley (3) inoculated six young elm seedlings with isolated 

from tomato. After four months they were shorter than the controls, but 
he did not observe any other symptoms. 

In October, 1925, Yerticilliosis developed very clearly among one-year- 
old seedlings of Ulmus campestris L. on an experimental plot situated on 
the “Wageningsche Berg.’’ Miss Spier enburg, phytopathologist at Wage- 
ningen, isolated Verticillium dahliae and drew my attention to the disease. 
Previously potatoes had been grown on the field, which in this way had be- 
come infested with 

Several specimens showed the typical yellow blotches on the leaves and 
the plants were stunted and partially defoliated. Five seedlings were dug 
and used for study. 

On cross-sectioning roots, stems and branches, the characteristic brown- 
ing of the wood was seen (PI. XXXIII, B) , The discoloration could be fal- 
lowed to the finest tips of some branches. Yerticillium dahliae Kleh, was 
isolated from the roots, stems and branches, even from the top of a shoot. 

Microscopical examination showed that the vascular walls were yellowed, 
and the vessels contained a gum-like substance and tyloses. By staining 
longitudinal sections of stem and root with Bleu cotton, mycelium was de- 
tected within the vessels. 

SUMMARY 

1. Yerticilliosis, caused by Yerticillmm dahliae^ was found on young 
trees of Acer platanoides var. schwedleri, and seedlings of Ulmus campestris, 

2. The organism was isolated from roots, trunks, and branches of the 
infected plants. 
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3. The disease on maple is characterized by defoliation and death of 
branches, the production of suckers and cankers, and a brown-green dis- 
coloration of the. wood. The elm seedlings are stunted and partially de- 
foliated and the wood becomes brown. 

4. Gum-like substances and mycelium were found in the vessels of dis- 
eased wood. There was a yellowish discoloration of the walls of the vascu- 
lar elements. 

Institute FOB Phytopathology, 

Laboratory for Mycology and Potato Eesearoh, 

Wageningen, Holland. 
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EXPLANATION OP PLATE XXXIII 

A. Cross-sections of stem, branches and root of the maple represented in Fig. 1. 

,1a. The base of the stem. 

lb, 95 cm. higher than la. 

l c. ±1.34 m. higher than lb. 

2a. The base of a branch. 1 

2b. ± 55 cm. higher. \ dark-green stipples in 1925 annual ring 
3a>. The base of a branch, y 
3b. ± 25 cm. higher. > 

4a. The base of a root. 

4b. ± 35 cm. from the base. 

Photographed Sept. 23, 1925. 

B. Cross-sections of the stem and three branches of a one-year-old seedling of 
Ul^fius C(wi/pestn8 Jj. naturally infected with Y CTticnilUuM do^iliae Kleb. Photographed 
Oct. 14, 1926. 




THE CAUSE OP THE PERSISTENT DEVELOPMENT OP BASAL 
SHOOTS PROM BLIGHTED CHESTNUT TRBES^ 


Arthur Harmount Graves 

In many places in the blight-devastated area of the American chestnut, 
the notion seems to have been gaining prevalence that the chestnut is ''com- 
ing back''; since, frequently, where the main trunks have been killed off 
by the blight, vigorous shoots are seen to arise from the base of the tree. 
When these are killed by EndotMa parasitica, as usually happens in a few 
years, fresh shoots appear, and successive generations of these basal sprouts 
may continue to develop for a long period. . Cases are known to the writer 
where such crops of basal shoots have been periodically growing and dying 
for more than 15 years.^ The vigor of these shoots, as well as the fact that 
they appear so persistently after the supposed death of the tree, has doubt- 
less given rise to the popular belief in a general’ resurrection of the chestnut. 

As an explanation of this apparent rehabilitation, it would seem indi- 
cated a priori that the tissues of the root collar {le., the part of the tree 
where root and trunk unite), and of the roots of the chestnut, are more 
resistant to the growth of the fungus than the parts above ground. For 
when the fungus reaches these basal parts after killing the trunk above, it 
apparently grows more slowly, giving time for adventitious buds to de- 
velop, and, nourished by the still healthy roots of the old tree, to form 
vigorous young shoots. In order to test' out this hypothesis, it Was deter- 
mined to get some definite data on the comparative resistance of root and 
stem tissues. For this purpose inoculations of healthy roots and basal 
shoots of blighted trees were made in August, 1924, at Hamden and at West 
Hartford, Connecticut. The inoculum used was a pure culture of EndotMa 
parasitica isolated from a dying tree at West Hartford, Connecticut. All 
inoculations, whether on root or shoot, were covered immediately with whito^ . 
adhesive tape. Immediately after the roots were inoculated they were 
covered, in some cases with dead leaves, on which the original earth was' 
piled but not packed down ; in other cases the earth was replaced directly 
on the roots. On inspection one year later, no difference in the rate of 

i Investigations catriod on by the Brooklyn Botswiic Garden in cooperation witk the 
Office of Investigations* in, Forest Pathology, Bureau of Plant Industry, TJnited States 
Department of Agriculture^ Brooklyn Botanic Garden Contributions No. 47; , ' 

^ As a rnatter of fact, the condition is not quite so simple as this, ' Fresh slLoots may 
appear each year, and at the same time older ones may die out, so that we do not usually 
find a well-defined series of crops. j ; 
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growth of the fungus was noted as a result of these two methods of treat- 
ment. 

The results of the inoculations after one year's growth of the fungus 
are given in table 1. A general inspection of table 1 shows at once that 
the fungus grew much more slowly in the roots than in the shoots. In fact 
its growth in many of the inoculated roots is surprisingly small. In every 
casCj however, inspection showed the mycelium to be present in the bark 
near the inoculation slit, and in one case (No. 20) a small root had been 
girdled, showing the fruiting pustules of the fungus. Where the lateral 
growth of the fungus was less than 0.4 mm, it was classed as '^slight." 

An interesting feature of the inoculated roots was the sunken character 
of the lesion. In other work by the writer on resistant chestnut (6), hyper- 
trophy of the host tissue in the region of the lesion, at least in the parts 
above ground, has been noted as a common occurrence. The writer is un- 
able to offer any explanation for the opposite effect in the root tissue, ex- 
cept that the rate of growth of the root tissue may be comparatively slow. 
A fact that may have some relation to this behavior is that in many cases 
the mycelium of the fungus had invaded the outer root bark only, the inner 
bark tissues being white and sound. 

The shoots were all girdled without exception, and, of course, where they 
were small, the circumference of the stem does not represent the limit of 
the potential growth of the fungus. Nos. 27-29, however, very closely ap- 
proximated the average annual lateral growth of the fungus as given by 
Anderson and Bankin (1) (15.97 cm.) for Charter Oak, Penn,; by Kogers 
and Gravatt (7) (16.13 cm.) for Bluemont, Va. ; and by Stevens (8) (16 
cm.) for Hartford, Conn. 

The following roots and shoots of approximately equal circumference 
may be compared ; nos. 30 and 31 of the shoots with noG. 1, 29, and 36 of 
the roots; nos. 10, 17, 18, 19, and 24 of the shoots with no. 34 of roots; and 
nos. 25 and 26 of the shoots with nos. 2, 3, 7, 8, 10, and 11 of the roots. 

The cause of the greater resistance of the root tissue may be due, at 
least in part, to the presence of some substance or substances which are 
either lacking in the shoots or pr^ent in smaller quantities than in other 
parts of the tree*. It is possible that these substances are tannin compounds 
or substances associated with tannin, which it has been demonstrated ex- 
perimentally;, (2,, 4, 5). have an inhibitory effect on the growth of the fungus, 
when above a certain concentration. That the roots of the chestnut con- 
tain a much higher tannin content than the trunk has been shown , by recent 
studies of the Leather and Paper Laboratory of the Bureau of Chemistry,' 

^UnpublisW pap^r catiaed distritution of tauulu ia tke Amencan ckestmit 
, trtihzatiQn of ehostaiit , Leatker md Paper Laboratory, Bur. of Ghem- 
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TABLE 1 . — Comparatwe growth of Bndothm parasitica (Mwr.) And, in roots and shoots 
of Castanea dentata for one year mdyng Angmt 8-10, ldB5 
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TABLE 1. — Continued, 


No, of 
tree^ 

Shoot 

inoculations 

Root 

inoculations 



Inoculation 

number 

Circumference of 
shoot iu cm. at re- 
gion of inocula- 
tion 

Lateral growth 
of fungus 

Inoculation 

number 

Circumference of 
root in cm. at re- 
gion of inocula- 
tion 

Lateral growth 
of fungus in cm. 





29 

13.8 

4.0 

VII 

24 

2.5 

girdled 

30 

13.8 

slight 





31 

7.9 

do 





32 

8.8 

do 

VTTT 

25 

10.4 

do 

33 

8.8 

do 

VlXi 

j 26 

10.0 

do 

34 

2.5 

do 

1 




35 

21.0 

do 





36 

13.8 

do 


27 

17.0 

do 





28 

16.0 

do 

37 

Large main 

0 4 

IX 

29 

15.4 

do 


root 



80 

14.5 

do 

38 

22.0 

2.8 


31 

14.5 

do 

39 

22.0 

1.7 


"Nos. I-VII, Hamden, Conn.; nos. VIII-IX, West Hai-tford, Conn. 


and also by analyses made in the same laboratory in cooperation with this 
office. In particular, the bark of chestnut roots is found to be high in tan- 
nin, containing, in the samples analyzed, more than twice the amount found 
in the bark of the trunk. 

After a careful study of all stages of these basal shoots, their life history 
appears to be about as follows : during and after the death of the trunk, 
adventitious buds, which are normally abundantly present in the root collar 
of the chestnut, begin to develop into shoots, utilizing the main root of the 
tree, which still may be healthy in ceitain parts, for their support from the 
soa Bat very soon small new roote develop at the base of these shoots. 
Where the adyentitious buds were a few inches above the ground, I have 
found aerial roots growing down toward the soil, but in most cases the 
buds are located far, enough down so that the roots start in the soil. In 
time, as the root of the old tree dies, these new roots become larger and 
eventually become the sole support of the shoot (Fig. 1) . Sooner or later, 
however, the blight appearb—usually at the ground level— ending the life 
of.this partlealar’jshoot.,"' ' 
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Pio-. 1,., Basal shoots with their aew roots' from the region of the root collar of an 
old chestnTit stump. The part of the stump above the shoots has h6;eh dead at least, 10 
years. Xtyiiig across the tcip of the stump is a part of a dead shoot helougiag, to, a former 
generation of sprouts. The shbot to the extreme tight is also uoiy dead. 


In the meantime, the shoots, if not diseased above, may have lived 4, 5 
or 6, or even more years ; and I have seen them 20 feet high, in some cases 
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bearing: catkins and maturing nuts. In the interim other shoots have been 
developing from adventitious buds on the old stump. After the death from 
Endothia infection of a large shoot with correspondingly well developed 
independent roots, new shoots may develop from adventitious buds at the 
new root collar belonging to this shoot. This condition occurs frequently. 

How long will this state of affairs continue? Evidently not indefinitely, 
for the root tissue, although more* resistant than the stem tissue, slowly 
succumbs to the attack of the parasite. In the great majority, of trees it 
is already at an end, roots as well as shoots being entirely dead. 

And yet the possibilities along this line must not be overlooked. If the 
resistant substances, whatever they may be, should at any time develop suffi- 
cient concentration to obstruct the progress of the fungus — or if, on the 
other hand, the parasite should lose, some of its virulence — a way out of the 
present difficulty appears. Collins (3) already has noted a case where 
sprouts successfully threw off the invading fungus for at least seven years, 
apparently occluding the original lesion. We should be on the lookout for 
similar cases. 

In the meantime we must rejoice in the fact that the chestnut has al- 
ready revealed, in another direction, an asset of tremendous value. I refer 
to the observation, already mentioned, that some of these shoots are bearing 
catkins and mature nuts. 

The power of sexual reproduction through seed, borne on these basal 
shoots, should enable the species to postpone its possible extinction still 
farther. Since such seed might contain valuable qualities, it should be 
Carefully gathered and planted. 


summary 

1. Comparative inoculations on roots and shoots of the American chest- 
nut have demonstrated that, the root tissues, including the region of the root 
collar, are far more resistant to the growth of Endothia parasitica than are 
the stem tissues. In view of previous work indicating an inhibitory effect of 
tannin on the growth of fungi, it is. suggested that the greater resistance of 
the root tissues, may be due, 'at least in part, to their greater content of 
tannin compounds or of substances' associated , with tannin. 

2* The greater resistance of the root and root collar tissues is obviously 
Hie cause of repeated generations of sprouts from blighted trees. The shoots 
develop from adventitious buds in the region of the root collar, utilizing at 
first the root of the old tree, but in time developing their own roots. Ordi- 
narily these shoots die of the blight, but others nia^y have appeared in the 
meantime, and in this way a succession of ^^orot),s’^^ is developed. A further 
fact of great mguiheaaoe is that many of, these shoots have already been 
fomd, maturing- huts. ' 
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These two conditions, namely, the continued development of shoots, and 
the bearing of seed by these shoots, are most valuable assets to the chestnut, 
since they may extend the lease of life of the species. In the meantime, 
variations of parasite or host, favorable to the latter, may occur. Seed of 
these shoots should be carefully gathered and planted. 

Brooklyn Botanic Gajrden, 

Brooklyn, New York. 
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SPECIES OP NECTRIA, GIBBERELLA, PUSARIUM, CYLINDRO- 
CARPON AND RAMULARIA OCCURRING ON THE 
BARK OP PYRUS SPP. IN OREGON 

S. M. Zeller, 

In connection with a study of European canker of pomaceous fruit trees/ 
the writer has collected or received for identification for several years occa- 
sional lots of material suspected as the ascogenous or conidial form olNec- 
tria galUgena Bres. or closely related species. It was thought well to list, 
with some notes, this group of species of Ascomycetes and Fungi Imperfecti 
which are closely linked in the taxonomic literature. The identification of 
most of the species has been verified by Dr. H. W. Wollenweber, and one new 
species described by him is listed. 


NECTRIA 

1. Neciria cinnaharina (Tode) Fr. 

This fungus is found to a considerable extent on pear twigs which have 
died back from various causes. After this start in a saprophytic condition, 
it becomes a means of considerable destruction in living bark, which, al- 
though temporarily somewhat devitalized by low temperatures, would doubt- 
less otherwise regain its vigor. iV. cinndbarina also infects cankered areas 
on larger branches, especially attacking the spongy parenchyma surround- 
ing lesions produced by the woolly aphis, Eriosoma 'pyricola, 

2. Nectria galUgena - 

This species has already been reported^ as the cause of canker of apple 
and pear on the Pacific Slope. The control of this canker and its peculiari- - 
ties as found in America have been fully discussed by the writer in a 
monographic study.^ The stage of this fungus represented by GyUndro- 
carpon mali (All.) Wr. is more often found than the ascogenous stage. 
Pear trees are more severely damaged in the western coastal orchard dis- 
tricts than are the apple trees, because the apples are often protected by the 
summer application of bordeaux mixture (4-4-50) for the control of apple- 
tree anthracnose (Aeo/e&mea maKcorfeis). 

a Zeller, S. M. The European canker of pomaceous fruit trees. Ore. Agr. Exp. Sta. 
Bui. 222. 1926. 

2 Zeller, S. M., and 0. E,\ Owens. European canker on the Pacific Slope. Phyto- 
pathology 11: 464-468. 1921. 
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3. Nectria sanguinea (Sibth.) Pr. 

This is the most common species of the section Willkommiotes Wr. which 
grows saprophytically on a wide range of woody hosts in Oregon. It has 
been fonnd on apple bark only once. In this case the macroconidia (Gylin- 
drocarpoiv), which were found in large quantities in the crevices of the bark 
surrounding the sporodochia, were conjugating as shown in figure 2. Some 
comparatively long conjugating tubes were observed, connecting cells of 
one spore with those of another. In all cases the nucleus had migrated 



Ko. 1. a. Oankerg of apple invaded by Giblerella Vaceata (Wallr.) Saee. 
b. Sporodoehia of Vwamim oxysporwn Sehlecht., breaking through the epidermis of 

apple bark. 


from one cell to the other, producing a binucleate condition previously re- 
ported by the writer and Cayley® as a condition not uncommonly found in 
Neotna galligem Bres. Another conjugation of cells occurs between two' 
cells of the same spore. This has somewhat the appearance of clamp-con- 

* Cayley, Dorothy M. Some observations on the life history of N^ctria gaUigena 
Bres. Ann. Bpi 36: 79-92. 1921. 
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nections in Basidiomyeetes but results in more of an open medallion appear- 
ance. In these eases of conjugation of cells, the binueleate condition results. 

Fusarmm avenaceum (Pr.) Sacc. was found associated with the Cylin- 
drocarpon stage of Nectrid sanguinea on apple bark. 

GIBBERELLA 

4. Giherella haccata (Wallr.) Sacc. 

The eonidial stage {Fusarium laterithim ’Nqqs) was found fruiting on 
small cankers sent to the writer from Cascade Locks, Oregon. These are 
illustrated in figure 1, a. It would appear that the infection starts at leaf 
scars, in the buds of small twigs, or in lesions produced by the woolly aphis. 
These enlarge, producing the open type of canker illustrated. Woolly 
aphids have undoubtedly stimulated the callus formation in some cases. 
The sporodoehia break through the epidermis of the bark as brick-red pus- 
tules about one mm. in diameter. In the illustration these are seen as black 
spots on the callus tissue. 

5. Oibherella moricola (Ces. & Not.) Sacc. 

G, moricola was found growing saprophytically on reddish, sun scalded 
bark of apple branches. The fungus was limited to a small area of the 
blistered epidermis. The material shows both the perithecia and the conid- 
iovm.j Fumrkm urticacearum (Cda.) Sacc. 

FUSARIUM 

6. Fusarium acuminatum Ell. and Ev. em. Wr. 

Pound growing saprophytically on die-back branches of Anjou pear 
and following woolly aphis injury on apple in the vicinity of Corvallis. Also 
found on apple bark from Walla Walla, Washington. 

7. Fusarium l)ulbigenum Cooke and Harkn. 

Under winter injured apple bark, Corvallis. May. 

8. Fusarium graminum Cda. 

Professor H. P. Barss collected this species on bark from an apple canker 
at the base of the trunk of a small tree, Clatsop County, August, 1922. 

9. Fusarium lierbarum (Cda.) Pr. 

On pear bark, Grants Pass and Colton. April and June. 

10. Fusarium oxysporum 

Two young apple trees which had suffered apparent winter injury were 
completely covered above the main crotch, with the sporodoehia bursting 
through the epidermis as illustrated in figure 1, b. Branches were infected 
for distances of 4 or 5 feet. Material was sent to Dr. Wollenweber who 
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states that this is the first report of the occurrence of JF. oxysporum on apple 
trees. His notes on the enltnral characters of this strain from apple bark 
follow: 


The fungus developed terminal clilamydospores and all other types of this resting 
stage in abundance in pure culture. ... It develops large but few sporodochia 
covered by ocliraeeous to pale salmon-colored eonidial masses. Blue sclerotia or sclero- 
tial pleetenehyma of medium to large size up to 3 mm. occur on potato tuber plugs. On 
rice the color is lilac rosy, turning blue by addition of sufacient alkali. The eonidia 
have the shape of F. oxysporum Sehleeht., and at any rate, if it is not identical with 
this species, it is not far 



I’M. 2. Macroeonidia of Vecirki sangvinea (Sibth.) Fries, showing the peenliar con- 
jugation of cells when these spores are lodged in masses in the 
crevices of bark, x 1,000. 


The collections were made by the writer and F. M. Green at Hood Eiver 
November, 1922, and again in Corvallis, July, 1925. 

11. Fusarium polymorphum Matr. 

On pear bark, Grants Pass, April 24, 1924. Found to be associated witl 
■t . heroarum and Bamularia oMusispora in the same piece of bark. 

Although not reported from Oregon, Fusarmm equiseti (Cda.) Sacc. was 
received from San J obo, Oalif ornia, on pear bark. 
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CYLINDROCARPON 

Besides the species of Cylindrocarpon which are definitely known to rep- 
resent the macroconidial forms of species of Nedria, one o-ther species has 
been found in Oregon. This species proved to be undescribed and the diag- 
nosis by Dr. Wollenw'eber appears belO'W. 

12. Cylindrocarpon angustum Wollenweber sp. nov. 

Sporodoehiis tubercularibus, ad basim plectenchymicis, plus minusve 
erumpentibus, isabellinis vel incarnatis; conidiis eylindratis, rectis vel leniter 
curvatis, utrinque obtusis, 5-septatis, 57-81 x 3-4 mier., rarioribus 3-, 4-, 
6-, rarissime 7-septatis; 6-7-septatis, 69-92x3.5^ micr. Chlamydospora 
non visa sunt. 

Habitat: In rimis corticis Piri mali, Clatsop County, Oregon. Amer. 
borealis, autumnos 1922 leg. H. P. Barss (in Ore. Agr. Col. Herb. no. 
4849 et Wollenweber Herb.). 



Fig. 3. Macroconidia of CylmdrocfarpoTi angustum WoUenw., n, sp. x 1;000. 

Figure 3 illustrates the outline of the maeroeonidia (x 1,000) of C. an- 
gusUm, The macronidia are strikingly smaller in diameter than those 
of congeneric species. 

RAMULARIA 

13. (Cke. and Hark.) Wr. 

On pear bark, Forest Grove and Grants Pass, April and May. As men- 
tioned above the collection of this species found at Grants Pass was asm- 
cmted Ftisarium polymorphum md F, herhanm. 

Oregon Experiment Station, 

Corvallis, Oregon. 



EFFECTS OF WHEAT TREATED WITH COPPER CARBONATE 

UPON THE COMMON HOUSE MOUSE {MUS MUSCULU8) 

W. W. Mackiei and Fred N. BRioas^ 

Copper carbonate :4tist applied to seed wheat for bunt control bp been 
found to prevent insect attack in stored grain, ^ and it has been repeatedly 
observed by the writers that seed wheat thus treated was not attacked by 
mice. In order to determine whether copper carbonate dust is poisonous 
to mice or acts solely as a repellant, a series of experiments were conducted 
in which wild mice were fed in strict confinement. 

On August 4, 1925, two adult and five half grown mice were trapped in 
the agronomy storage room. These were placed in cages 12 inches square. 
They were confined for one month on a pure wheat diet before the experi- 
ments with treated wheat were started. All of the young mice soon de- 
veloped rickets and two of them were killed because of the severity of the 
attack. On the addition of a few drops of cod liver oil to the diet each 
week, the disease soon disappeared and did not occur again. Later one adult 
mouse escaped, leaving four mice with which to startdhe experiments, 'f'he 
amount of wheat eaten by the various mice was carefully w^eighed fo/ a 
period of one week. The adult mouse ate approximately 5.0 grams of wheat 
daily and the others about 3,5 grams each per day. 

Each mouse w^as kept in a separate cage and was given clean bedding 
once each week. The cages were numbered I, II, III, and IV* the adult 
mouse occupying number III. Beginning September 4, 1925, numbers III 
and IV were given wheat treated with copper carbonate at the rate of one 
ounce per bushel, while numbers I and II served as checks. The treated 
wheat was eaten just as readily as the untreated wheat and approximately 
in the same quantities without any apparent ill effects at the end of the 
seven-day period. 

All the mice were then put on the untreated wheat ration for a week. 
Thereafter the mice in cages III and IV were fed wheat treated with copper 
carbonate at the rate of two ounces per bushel, while numbers I and II 
again served as checks. Later, numbers III and IV were fed for a week on 

1 Associate Agronomist, in charge ol Cereal Investigations, Calif oniia Agricnltural 
Experiment Station. 

2 Assistant Pathologist, Office of Cereal Investigations, Bureau of Plant Industry, 
United States Department of Agriculture. 

""'^Mackie, W. W, Prevention of insect attack on stared grain. Calif. Agr. Exp. 
Sta. Circ. 282. 1-8. 1925. 
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wheat treated with copper carbonate at the rate of four ounces per bushel. 
In both instances they ate the wheat in normal amounts, without apparently 
suffering any ill effects. 

After another week of a ration of untreated wheat, all four mice were 
fed for 15 days with wheat treated with copper carbonate at the rate of four 
ounces per bushel, without ill effects. 


Pig. L The petri dishes in the top row contain wheat treated with copper car- 
bonate dnst at the rate of one ounce per bushel. Those in the bottom row contain un- 
treated wheat. Each dish originally contained 10 grams of wheat, and the photograph 
was made after 48 hours of feeding. Only the treated seed in dish No. 2 has been 
eaten appreciably. 

When it was apparent that the mice would not be readily killed by eating 
treated wheat, another experiment was started in order to determine if they 
wo*uld choose between treated and untreated wheat. Two dishes of wheat 
were placed in each cage, one containing wheat treated with copper car- 
bonate at the rate of one ounce per bushel and one with untreated wheat. 
Figure 1 shows the dishes with the wheat remaining after two days. 
Number II was the only mouse that ate the treated wheat to any extent. 
The experiment was repeated with wheat dusted with two ounces of copper 
carbonate per bushel. Following this treatment none of the mice ate the 
treated wheat (Fig. 2). 

DISCUSSION 

Mackie"^ has shown that wheat treated with copper carbonate dust is free 
from weevil injury as contact with the dust kills the weevil. Hoffman and 

W. W. Loc. di. 
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Belton® state that “the treated grain is poisonous to live stock of all kinrls 
as well as to rodents.” However, they do not give any data on this subject. 
There is no doubt that copper carbonate is poisonous and therefore should be 
handled with some care. Data presented here indicate that mice do not get 
enough copper when fed in the copper carbonate form to injure them when 
fed only treated wheat, even when the rate of treatment is four ounces per 
bushel or twice as much as ordinarily is used on the farm. If a mouse 



Fig. 2. The dishes in the top row contained wheat treated with copper earbonate 
at the rate of two onnees per bushel. The dishes in the bottom row contain untreated 
wheat. Each dish originally contained 10 grams and was photographed after 48 hours 
of feeding. The treated seed is scarcely touched. ’ 

which consumes five grams of wheat per day ate all of the copper earbonate 
on the wheat, he would consume only .0208 grams per day; but a mouse 
leaves most of the chaff in eating wheat and in so doing avoids most of the 
copper carbonate. 

SUMMARY 

Copper carbonate causes no apparent injury to mice when consumed by 
them on wheat as ordinarily treated to control bunt. 

When untreated wheat is available mice will avoid wheat treated with 
copper carbonate. 

So far as the effect upon mice is concerned, copper earbonate is a repeh 
lant and not a poison. 

5 Hoffman, A. H., and H. H. Belton. Machines for coating seed wheat with copper 
carbonate dust. Calif. Agr. Exp. Sta. Bui. 391. 1-16. 1925. 
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Ah adult mouse may consume approximately 1/3 of a pound of wheat 
per month and a half-grown mouse about 1/4 of a pound per month. 

Because of the mouse-rep ellant action of copper carbonate dust, treated 
seed wheat may be stored exposed to mice for indefinite periods awaiting its 
final use. Under ordinary farm conditions, this action of copper carbonate 
dust will save farmers great quantities of valuable seed. 
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INJUEY TO GLASSHOUSE PLANTS FROM HYDROCYANIC ACID 
GAS, FOLLOWING THE APPLICATION OF COPPER 
FUNGICIDES 

E . P . Gub A 

It is known among citrus growers in California and Florida that the 
fumigation of citrus trees with hydrocyanic acid gas following the applica- 
tion of hordeaux mixture is accompanied hy serious injury to the trees. 
The injury is manifested in the form of browning of the leaves and defolia- 
tion, often accompanied by severe pitting of the fruit. In some cases injury 
has resulted as late as 11 months after the copper spray was applied, al- 
though ordinarily little if any in jury occurs six months after spraying. To 
avoid this injury where brown rot and other diseases are to be eontrolled, 
some growers have adopted the practice of spraying two or three days after 
fumigation, while others have discontinued the use of bordeaux entirely in 
favor of other fungicidal preparations free of copper.^ 

The writer is not aware of any literature, popular or otherwise, offering 
any objections to the use of copper fungicides in greenhouses. However, 
many greenhouse men, not knowing of the incompatability of copper fungi- 
cides and hydrocyanic acid gas, used in the order given, have lost entire 
houses of tomatoes and cucumbers in the very height of picking. In the 
majority of cases the injury has been attributed to overdosage of cyanide, 
over-exposure, or other conditions under which fumigation took place. 
Rarely has injury been associated with the presence of copper fungicides on 
the plants. 

Hydrocyanic acid gas is a very effective fumigant for killing certain 
greenhouse insects. It is obtained from the action between sodium or potas- 
sium cyanide and sulfuric acid, or between calcium cyanide and water. 
With the presence of copper fungicides on the foliage, the hydrocyanic acid 
gas liberated combines with the copper to form cupric cyanide CuCCN)^, a 
very poisonous and unstable compound giving off cyanogen and leaving 
cuprous cyanide Cu(CN) .^’^ In trials conducted in the greenhouse on 
cucumber and tomato plants treated with bordeaux, pyrox and copper lime 

1 WooLUM, B. S. Fumigation of citrus trees for control of insect pests. IT. S. D. A. 

Farmers’ Bulletin 1321. 1923. 

2 TxjRisrER, F. M., et al. The condensed chemical dictionary. The Chemical Catalog 
Co., Inc., R. Y. 525 pp. ■ 1919. 

3 BnoxAM, C. L. Chemistry, inorganic and organic with experiments, llth ed. rev. 
P. Blakiston’s Son and Co., Philadelphia. 1923. 
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dust, all plants were injured equally following fumigation with hydrocyanic 
acid gas, while plants not treated with copper fungicides but exposed to the 
fumigant were unaifected. No data have been obtained to indicate how 
long after the application of copper the houses may be fumigated without 
danger of injuring the plants, although we have record of an instance of 
no injury from fumigation with calcium cyanide 46 days after the copper 
treatment 

Since hydrocyanic acid gas is used by the majority of growers for the 
control of certain insects affecting greenhouse plants, it is very essential 
that any recommendations for the control of fungous diseases involving the 
use of bordeaux mixture or copper lime dust should be accompanied by a 
word of warning. Where fungous diseases are of sufficient economic im- 
portance in the greenhouse to warrant the use of copper fungicides, the 
cyanide fumigant should always precede the application of the copper by 
one or two days, or the use of cyanide should be abandoned in favor of 
tobacco fumigants. Under any conditions cyanide fumigation should never 
immediately follow the use of copper. 

Department op Botany, 

Massachusetts Agricultural Experiment Station 


NEGATIVE EBSULTS OBTAINED BY THE USE OP PAEADI- 
CHLOEOBENZENE AGAINST THE EOOT-NEMATODE, 
HETEEODEEA EADICICOLA 

H. B. E o s E N 

The successful control of peach tree borers obtained by applying para- 
dichlorobenzene to the soil is now well known. Though this remedy is of 
comparatively recent development, it has very largely, if not entirely, re- 
placed the old laborious digging-out method. The chemical is easily applied 
and costs but a few cents a tree. 

In view of these facts, and in view of the killing of the insect by the gas 
liberated in the soil, it seemed desirable to ascertain the action of the same 
chemical against another soil-inhabiting metazoan, the common root-nema- 
tode, radicicola. Two lots of sandy soil were obtained, one in 

which the nematodes had been so abundant as to completely prevent the 
development of marketable sweet potato roots, and the other one in which 
tomato roots had been severely infested. Both soils had been under close 
observation by the writer, and the effects on the roots were noted during the 
growing season of 1925 up until October. In each instance the soil gathered 
represented portions in which infested roots were common. Sufficient soil 
of each type was obtained on November 17, 1925, to fill three pots, each 6 
inches in diameter. Three' pots, two of soil in which the tomatoes had 
grown, and one in which the sweet potatoes had grown, received 0.25 ounces 
of paradichlorobenzene per pot. The chemical was applied in the center 
of the pot, about 2 inches below the surface. The other three pots, un- 
treated, served as checks. Tomato seed, of a wilt-resistant Stone variety, 
were then thickly sown in each pot. 

As germination proceeded, it was quite evident that the chemical had 
injured a fairly large number of the seedlings, especially those near the 
chemical, since all the treated pots had a much lower stand toward the cen- 
ter and the seedlings were considerably retarded. When some of these were 
dug up it was noticed that roots and lower parts of stems were discolored, 
shriveled, and, in a number of instances, completely killed. An enlarge- 
ment or swelling was often noted in the parts adjoining the discolored, dead 
areas. Microscopic examination of recently injured parts showed no fungus 
or bacterium which was common to all, and as the untreated pots all pos- 
sessed seedlings with no comparable symptoms, there can be little doubt 
that the chemical was responsible for the damage. However, quite a few 
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seedlings remained standing in the treated pots, and full opportunity was 
afforded to note the effects of the chemical on the nematode. The roots of 
untreated plants were severely infested, and the roots of tl^e treated plants, 
although not having as many root-knots, also were infested. As the plants 
grew larger, root-knots on treated plants became more and more common, al- 
tliough they apparently were not quite as abundant as in the untreated. Irre- 
spective of this, however, every one of the treated plants— and over 100 of 
these were examined-— showed some root-knots. Microscopic examination 
of the swellings all showed one or more nematodes in the affected parts. 

As there is a possibility of lack of gas diffusion in a moist soil, the 6 pots 
were permitted to dry out in the greenhouse for about two months, and the 
soil reworked and then again seeded to tomatoes. This drying killed most 
if not all the nematodes in the untreated pots, and the fe^v swellings which 
were definitely identified as nematode injury all appeared in the treated 
pots. The characteristic odor of paradichlorobenzene which was noticed at 
the second seeding, although not nearly as stmng as when first applied, indi- 
cated that the generated gas had sufficient opportunity of acting on the 
nematodes. The pots Avere carefully handled throughout, and efforts were 
made to prevent reinfestation. In view of these results, one may conclude 
that paradichlarohenzene is not an effective remedy against the nematode, 
Meter odera radicicola. The writer is greatly indebted to the Hooker Elec- 
trochemical Gonipany for supplying the chemical used in the trials. 

While negative results of this sort are of little value, they are offered. 
Avith the hope of eliminating unsuccessful efforts of other Avorkers. 

llNivEHsrrY OF Arkansas, 

Fayetteville, Ark. 




BOOK REVIEW 

Plani Disease Fungi By P. L. Stevens, Ph.D., Professor of Plant 
Pathology, University of Illinois. 469 pp. Ulus. The Macmillan Com- 
pany, New York, 1925. 

This book follows the Diseases of Economic Plants’^ (1910 and 1922) and The 
Fungi Which Cause Plant Disease^ ^ (1913) by the same author. As stated in the 
preface, its aim ^ 4s to present the more important facts concerning the morphology and 
taxonomy of the fungous parasites that affect plants of importance in the continental 
Dnited States with some discussion also of the more significant facts of morbid his- 
tology. To accomplish such an end a book must have both substance and form— must 
contain an adequate body of well chosen and accurate information and must present 
this in a telling and easily accessible manner. These requirements are fulfilled by this 
volume with an effectiveness that should render it as successful as its two predecessors. 
The form of the book is good. It is well turned but, clearly printed on a good quality 
of paper, contains an abundance of helpful illustrations, and all in all presents an attrac- 
tive appearance. The arrangement of the subject matter is logical and easily followed. 
The fungi considered are treated in separate chapters by groups, and of these groups the 
main representatives are characterized. Their effects and life histories are touched upon 
briefly. 

Of the 469 pages, the space and emphasis allotted to each of the main groups of 
fungi are justly proportionate to their importance. After a brief introduction, the 
Myxomycetes as Division 1 are dealt with in six pages; the Schizomycetes as Division 2 
receive 41 pages; while the consideration of the Eumycetes as Division 3 occupies the 
bulk of the book. Under the Eumycetes, a general discussion of 6 pages leads to a de- 
tailed consideration of the Phycomycetes, 31 pages; the Ascomycetes, 123; the Basidio- 
mycetes, 121; and the Fungi Imperfecti, 110 pages. A helpful index with a purely 
alphabetical arrangement that mingles authors, subjects, diseases, hosts, and parasites 
completes the total. 

As the subject matter is to some extent a reconsideration of that already included 
in the two previous books, a greater freedom from typographical errors justifiably might 
be expected. Apparently a careful scrutiny of the book would yield a considerable list 
of such errors which, however, do not seem to require enumeration here; as, even though 
they have escaped thus far, one assumes that they will be corrected. Moreover, such an 
enumeration of typographical errors seems all too often to display the zeal of the reviewer 
rather than to offer belated aid in the onerous task of revision and correction. Mean- 
while, those to whom these errors are self evident will not find the considerable value of 
the book reduced thereby; while for those by whom they are unnoted, they do not, prag- 
matically, exist. 

Here and there throughout the subject matter occur statements that are somewhat 
misleading. For example, the summary dismissal of Physoderma seae-maydis on page 
61 as discovered in India by Shaw in 1910 and in Illinois by Barrett in 1911’^ might 
be prevented from giving an inadequate impression of the history and occurrence of this 
species by the addition of a brief reference to the thorough investigation of its distri- 
bution in the southern part of the corn belt of the United States by the Plant Disease 
Survey. Also, in the discussion of the genus Bremm on page 79, the statement that 
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‘‘There is only one species ^ ’ hardly does justice to B. graminicola, established in 1913 by 
Naoiimoff, and B, elUpUca, B. miorospora, B. ovata, B. mmsureae, and B. sonSii, ade- 
quately described in 1914 by Sawada. Nor does the discussion of Feronospora parasitica 
on page 80 give due consideration to the fundamental work of Gaumann in justifiably 
separating this aggregate into several well defined species in 1915. Moreover, it is per- 
haps with a certain inconsistency that the Actinomycetales are placed among the Bac- 
teria, when the description of the genus on page 48 emphasizes “a much branched 
mycelium which may break up into segments that function as conidia^’; and the discus- 
sion of Actinomyces describes “Spores more or less cylindrical, 0.8^0.9xl.3~ 

1.5 g, from dextrorse, spiral Iiyphae of 3-14 turns, following Dreschler, whose intensive 
investigation of the genus has demonstrated convincingly that the Actinomycetales should 
be classed among the Hyphomycetes rather than among the Bacteria, Though not mis- 
leading, sentences such as “none are known among the pathogenes^^ (page 11), and 
“There is one or more carpogonia’’ (page 89), may be somewhat distressing; while the 
statement (page 332) that “Pycnidia with very small spores are sometimes called sperma- 
gonia, especially if the spores do not germinate, a custom to be deprecated as it now 
stands leaves one wondering if the custom, at least in pathogenic fungi, should not 
rather be commended or even encouraged — ^perhaps with bordeaux mixture. 

The numerous figures aid materially in the presentation of the subject matter ; as 
they are for the most part well chosen, and well reprodnced, to illustrate the descriptions 
that they accompany. In some eases, however, it is a question whether the figures used 
are as eifective as others that might have been selected. Pigure 37, showing the effect 
of potato scab on the phellogen, for example, might be replaced advantageously by draw- 
ings of the causal organism itself. Figure 69, though historic as Millardet ’s own, would 
be more instructive perhaps if taken from the beautiful plates of Istvanfd and Palinkas. 
Also, certain illustrations have lost much in being reproduced, as for example, figure 47 
of Physoderma zeas-^maydis, ^l?ure 56 of Phytophara pMseoli, 154 of Eerpotrichm nigra, 
336 of Myxospomm corticoUm and others. The title of figure 74, reading “A sporan- 
gium with a columella (Mucor),’^ is rather misleading, as the most obvious part of the 
figure shows “mycelium (3 days old) of Pliyoomyces nitens grown in a drop of gelatine 
with a decoction of plums as stated in the legend under the original figure in Sachs. 

In conclusion, the outstanding fact that the book is a very valuable tool for the 
mycologist and plant pathologist, again should be emphasized. Therefore, having done 
my duty as a critic in noting certain scratches in the finish of this tool, I shall now pro- 
ceed with the complacency of all critics, to make good use of it in ray own work and 
that of my classes.— W. H. Wuston, Jr. 


ABSTRACTS OF PAPERS READ AT THE MEETING OF THE 
SOUTHERN SECTION OF THE AMERICAN PHTTOPATHO- 
LOGICAL SOCIETY WITH THE TWENTY-SEVENTH 
ANNUAL CONVENTION OF THE SOUTHERN 
AGRICULTURAL WORKERS, AT ATLANTA, 

GEORGIA, FEBRUARY 3-5, 1926 

BesuUs of five years’ selection for freedom from internal ooh-discoloration in corn, — R. A. 

Jehle, F. W. Oldenberg> and C. E. Temple. 

A series of tests was conducted for a period of five years to determine the relation 
of the pink, gray, brown and other discolorations of the vascular and surrounding tissues 
of the interior of the cob to yield and to the root, ear, and stalk rot diseases. In each 
test the best seed ears were selected and the butts and tips cut off so that the interior of 
the cob could be examined. The corn was divided into three or more lots, according to the 
amount and intensity of internal cob-discoloration. At least two lots, one showing little 
or no internal cob-discoloration and one showing marked internal cob-discoloration, were 
planted in each test. The following results were obtained. 

1. In 116 tests with field corn the average yield from cobs with little or no internal 
cob-discoloration was 60.11 bu. shelled corn per acre and the yield from cobs with marked 
internal cob-discoloration was 51.75 bu. shelled corn per acre. Thus the yield from cobs 
with little or no internal cob-discoloration was greater than the yield from cobs with 
marked internal cob-discoloration by 8.54 bu. or 16.56 per cent. 

2. This increase on poorer corn land was 9.15 bu, per acre or 19,26 per cent, and on 
the best corn land it was only 4.75 bu. or 6.1 per cent. Thus the difference in yield was 
greater on the poorer corn land. 

3. The difference in yield also was found to vary with the intensity of internal cob- 
discoloration. 

4. Internal cob-discoloration can be decreased by selection. It has been almost 
entirely eliminated in four to five years by planting only seed of ears free from internal 
cob-discoloration. 

5. Corn grown from ears with the least internal cob-discoloration has a more uniform 
stand and a smaller number of fallen and broken stalks, and less prematurely killed 
plants than corn grown from ears with the greatest amount of internal cob-discoloration. 

Brown spot disease of soybean, — E. A. Wole and S. G. Lehman. 

Brown spot is primarily a foliage disease but occurs also on stems and pods. It first 
appears as irregular dark brown patches upon the cotyledons. Infections next appear on 
both surfaces of the unifoliate leaves as angular, reddish brown lesions varying in size 
from 1 to 5 mm. A pale green or chlorotic zone surrounds the diseased areas. The 
disease spreads to the trifoliate leaves where lesions become very numerous and coalesce 
to form large, light-brown, irregular areas in which the pigmentation gradually deepens 
to a dark brown or blackish brown color. As the disease progresses the lesions become 
so numerous as practically to cover the leaf area completely. In seasons favorable for 
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the clisease, considerable defoliation of affected plants occui’s. Defoliation begins with the 
lowermost leaves, which are first to become infected, and prog'resses upward with the 
advance of the disease on the plant. 

On the sterna the disease appears as indefinitely margined, brown discolorations 
varying in size from mere specks to areas several centimeters in length. Similar dis- 
colored areas occur on petioles and pods. 

Globose pyenidia possessing thin, membranaceous walls and opening by a large pore 
are embedded in the tissues bearing mature lesions. The pyenidia are filled with hyaline, 
filiform, curved, indistinctly septate conidia. Inoculation experiments have demonstrated 
the pathogenicity of the causal organism. This fungus is identical with Septoria glycines 
described by Hemmi as the cause of a wide-spread and sevei'e epiphytotic of brown spot 
disease in Japan in 1914. Ko ascogeiious stage has been found. The fungus overwinters 
in the conidial stage on diseased leaves and stems and very probably survives in seed from 
diseased plants. • 

Biiyhmn anf/jraciicKse. — B. G. Lehman and P. A. Wolf. 

Boybean anthraciiose was first observed at Raleigh, North Carolina, in 1920, and has 
reappeared repeatedly since then. The disease occurs on stems and pods but has never 
been obstuved on leaves, although plants in all stages of development are subject to attack. 
The disease reaches its most destructive stage at the time the pods are maturing. Dis- 
eased plants die prematurely, and affected portions become thickly covered with black 
aeervuli which bear numerous setae. Pure cultures of the fungus have been isolated from 
cotyledonary tissues of seed from diseased pods. Both conidial and ascogenous stages 
of the causal fungus have been studied. 

The soybean fungus was at first thought to be identical with the apple bitter rot 
fungus, Glomerella cingidata, but cultural and morphological comparisons have led to 
the conclusion that the two are distinct. Asci, ascospores, and conidia of the former 
are larger than those of the latter. The two fungi differ in appearance when grown on 
agar media and produce different types of rot on apple fruits. Conidia and ascospores 
of the soybean organism readily cause infection when sprayed on soybean plants; but, 
under the same conditions, spores of the apple bitter rot fungus fail to infect soybeans, 
nor does infection occur when bits of myeelmm of the bitter rot fungus are inserted into 
soybean stem tissues. The fungus overwinters in diseased seed and on diseased stems 
and pods. 

It is believed that the soybean anthracnose fungus studied by the writers is identical 
with CoUetotnchim glydnes 'IloTij which causes an anthracnose of soybean in the Orient. 
Binee the perithecial stage is described by the writers for the first time, the soybean 
anthracnose fungus is given the new name, Glomerella glycines (Hori). 

Fythmm root rot of soybean . — B. G. Lehman and P. A. Wolf, 

In July, 1923, soybean plants in the breeding grounds of the North Carolina Agri- 
cultural Experiment Btation became affected with a root rot disease which obviously was 
different from other root rot diseases then known on this host. The presence of the 
disease was first made evident by the appearance of groups of withered and dying plants 
scattered throughout the Md. On closer examination it was found that these plants 
were being attacked by an organism which was causing a decay of the roots and lower 
stem portions. By appropriate methods a fungus was isolated which is referred to as 
PytUim do haryanum. The fungus apparently enters the plants at or near the soil 
level, whence it grows downward into the roots and upward into the stem to a height of 
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several indies. Newly invaded stem tissues are at first watery and translucent, but as 
decay progresses the lesions become brown and the cortical tissues may become so com- 
pletely disintegrated as to fall away. When diseased plants are pulled from the soil, the 
disintegrated cortical tissues often remain in the soil, leaving the central woody cylinder 
exposed. 

The causal fungus is described and its taxonomic position indicated. The patho- 
genicity of the causal fungus was demonstrated by infection experiments. 

Work of the Office of Cotton^ Truck and Forage Crop Disease Investigations of the Bureau 

of Plant Industry j Umted States Department of Agricultwe, m relation to SouAhern 
-H. A. Edson. 

The field assigned by the Bureau of Plant Industry, Hnited States Department of 
Agriculture, to the unit offi.eially designated The Office of Cotton, Truck and Forage 
Crop Disease Investigations^' is the study of the cause and control of diseases of cotton, 
potatoes, sweet potatoes, truck crops,^ forage crops and herbaceous ornamental plants as 
well as drug and related plants. The active projects of the office cover only a portion 
of this field since some of the lines indicated have never been specifically financed in the 
budget and the funds made available for several others are so limited that only inci- 
dental work on them is possible. For this reason projects on the diseases of cotton, 
ornamentals, drug plants and many of the minor vegetable crops are inactive. In the 
prosecution of projects for which funds are available, it is the policy to select problems 
which are national, or at least broadly regional, in scope but which cannot be solved 
readily without crossing state lines. . Cooperation with state stations in the investigation 
of the local phases of all problems is courted as a matter of policy and arranged for 
whenever feasible. Among the active projects of special interest to Southern agricul- 
ture may be mentioned the following: virus diseases of potatoes; sweet potato diseases; 
black heart of celery; mosaic disease of lettuce and tomatoes; lettuce breeding for re- 
sistance to brown patch and downy mildew; nailhead rust of tomatoes; tomato breeding 
for resistance to Fusarium wilt, nailhead rust, and mosaic; cabbage breeding for resis- 
tance to yellows; bean breeding for resistance to bacterial blight and mosaic; transit 
diseases of snap beans; watermelon diseases; alfalfa diseases; clover diseases. 

Fwrther experiments in the control of watermelon anthraonose with dusts and sprays . — 

0. G. Boyd. 

The project begun at the Thomasville station in 1924 for the control of watermelon 
anthracnose was continued in 1925. Again Bordeaux mixture, a home-mixed copper-lime 
dust, and a commercial copper-lime dust were used on the Watson variety. The spray 
formula used in 1925 was 4^~8«-50, the/^8" representing hydrated lime, with Kayso 
added in the last three applications. Both dusts contained 20 per cent monohydrated 
copper sulphate, and were applied to the vines with a hand duster equipped with a long 
outlet pipe. All dust applications were made in the late afternoon after the wind had 
subsided— not in the early morning on damp vines as in 1924. The spray applications 
were made with the same machine that was used the previous year, i o'., the Hardie 
Magic," an engine-power truck sprayer with lead-hoses, bamboo rods, and nozzles. 
Six applications of each fungicide were made with intervals of from seven to ten days. 

The experimental field comprised 3.6 acres, with three plats of each treatment and 
three of the controls. Each dusted plat contained three rows, and the sprayed and con- 
trol plats contained four rows each. 
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Anthraenose was the only disease of any consequence in the experiment. It was 
first observed on May 25 in a single hill of a dusted plat. The disease spread steadily 
in the untreated plats, first showing there about June 1. On June 20, the date of the 
fifth application of fungicides and four days prior to the first picking, practically every 
hill in the control plats showed leaf spots, with the majority of the older melons affected 
with pox. An occasional hill throughout the sprayed and dusted plats also showed both 
leaf and melon infection. By July 9, the date of the third picking and ten days after 
the last application, the cheek plats appeared brown and barren from defoliation and 
death of vines. The treated vines were still green and growing, but the disease was 
beginning to spread rapidly due to the exposure of considerable new growth that devel- 
oped after the last application of fungicides. 

There was little doubt but that the sprayed vines retained more fungicide per unit 
amount of copper applied than the dusted vines, and that the spray deposit was more 
resistant to washings by rain than the dusted vines. Nevertheless, the dusts, with appli- 
cations ranging from 15 pounds per acre at the beginning to 80 pounds at the close of 
the season, furnished satisfactory control even when dusted on dry vines. The spray 
mixture furnished slightly better control on the leaves, with a doubtful difference on 
the melons. The number of mature melons per acre harvested under the different treat- 
ments, with the percentage of poxed melons in each case, was as follows: checks, 416 
with 67.5 per cent; spray, 411 with 20 per cent; home-made dust, 431 with 22.9 per 
cent; commerciai dust, 419 with 25,7 per cent poxed. The market value per acre, less 
pox, was as follows: $25.57, $77.77, $76.13, and $71.20 for the treatments in the same 
order as in the preceding sentence. 

The amount of each of the dusts used per acre in the six applications was 325 
pounds, containing 22.75 pounds of copper, compared with 625 gallons of Bordeaux mix- 
ture with 19 pounds of eopper. The cost of the different materials was as follows: 100 
gallons of spray, about $1.25 ; 100 pounds of the home-mixed dust, $4.80; 100 pounds 
of the commercial dust, $10.00. The total cost per acre was: $10.40 for the spray, $17.75 
for the home-made dust, and $34.50 for the commercial dust. (The cost of the spray 
treatment might well be reduced $2.20, the cost of the 11 pounds of Kayso in the last 
three applications, making the cost $8,20 instead of $10.40.) Hence, the net returns per 
acre were: $25.67 for the untreated plats, $67.37 for the spray, $58.38 for the home- 
made dust, and $30.70 for the purchased dust. 

Although the dusts this season furnished practically as good control as the spray 
mixture, with only slight injury to the vines, it should be remembered that authracnose 
was not as prevalent as usual and that only hand machines were used for dusting. Be- 
fore dusting can be given a definite place in anthraenose control, reservations will be 
made for further experimentation which will involve the use of mule-drawn dusters. It 
seems that the grower could afford to insure his crop for only about $8.00 per acre by 
spraying, or perhaps for about $18.00 by dusting with home-mixed dusts. "If he advis- 
ability of dusting with matenals costing 10 cents per pound or more might depend on 
the severity of the disease in question and on the price of melons.— Georgia State Board 
of Entomology Experiment Station, Thomasville, Ga. 

The peean scab J, B, Demabeu. 

The organkm which causes the disease of the pecan commonly known as scab has 
for many years been referred to in literature under the name of FmicUdmm efusim 
Winter. , The type colkction of the fungus was collected by Dr. F, S. Earlo on white 
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Bonorden described the genus Fmicladium as producing its conidia singly or in pairs 
on short unbranched hyphae. Until recently it was supposed that the pecan scab fungus 
also produced its conidia in a similar manner. It is now known that this organism pro- 
duces its conidia in long chains acropetally on either simx)le or branched conidiophores ; 
characters which are not considered typical of the genus Fmidadnm, The appearance 
of the fungus on living pecan tissues and also its reaction on artificial culture media 
indicates that it has several characters in common with the form-genus CladosporiuTn, 
Its morphological resemblances to C. carpopMl'U'm Thum. are very striking and suggest 
that they may be congenerically related. The complete manuscript gives more compre- 
hensive reasons for transferring the fungus to the genus Gladosporium. 

The fuUire of the chestnut as an orchard, ornamental and forest tree in the Southern 

Appalachians— Q;, F. Gravatt. 

As the chestnut blight spreads over the Southern Appalachians, the few orchards of 
that region will be exposed to infection from diseased native growth. With some strains 
of the hairy Chinese chestnut {Castanea mollissima) and the Japanese chestnut {Casta- 
nea japonica) orchardists can control the blight at a reasonable cost. The cutting out 
of all infected bark tissue, together with % to 1 inch of healthy bark and 14 inch of 
sapwood under the canker, followed by painting with a mixture of creosote and coal tar, 
has proved very effective in eradicating the disease. Less drastic treatment in experi- 
enced hands is satisfactory. 

Successful inoculations on varieties and species of chinquapins from different parts 
of the Gulf states and Arkansas indicate that , the blight will eventually spread over the 
chinquapin area of the South. 

The ornamental American chestnuts of the Southern Appalachians are doomed. 
Owmers who are dependent upon these trees for shade should take immediate steps to 
plant resistant chestnuts or other kinds of shade trees to replace the native chestnuts 
wdien they die. Many strains of the Japanese and hairy Chinese chestnuts are sufiaeiently 
resistant to the blight to be grown with hardly any treatment, while others are rather 
susceptible and require considerable treatment. The beauty of these chestnuts and their 
production of edible nuts make them desirable trees for many situations. 

The chestnut forest growth of the Southern Appalachians is also doomed. The 
blight is spreading more rapidly in the South than in the North, and already about one- 
fifth of the chestnut growth has 80 per cent or more of the trees infected. 

Owners should make plans to utilize their chestnut poles before they are killed by 
blight because killed poles will usually not be accepted by purchasers. Severe losses 
have been suffered by many owners of standing poles, who failed to cut them before 
they were killed. 

The forecast map on future spread, which predicts the death of most of the com- 
mercial chestnut of the Southern Appalachians before 1935, forces consideration of the 
problem of growing tanning materials to replace the chestnut. Over one-half of Our 
present domestic production of tannin is secured from chestnut, and we are already im- 
porting one-half of the total tannin supplies consumed by our five hundred million dollar 
tanning and leather industry. From the viewpoint of tlie American farmer, the manu- 
facture of chestnut tannin extract and leather is an ideal industry. In addition to pro- 
viding the workers as a market for his food products, this industry consumes vast quan- 
tities of tanning materials from the farmers^ Wood land and uses his hides. 

The investigations of the U. S. Office of Forest Pathology which affect this industry 
have been directed during the past two seasons toward determining, first, the present 
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distribution and rate of spread of tlie bliglit, and next, the rate of deterioration of killed 
trees. 

The work of locating and breeding resistant chestnuts to replace the American chest- 
nut as a source of tannin is being continued on a small scale. 
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Repoft on the expeHment of 19^5 far pecan scab control at BacontoUf Ga. — 0. C. Boyd. 

The pecan station near Albany, Ga., which was established in the spring of 1925, 
^ undertook in that year among other projects that of pecan scab control. By reason of 
the more suitable orchard conditions, with respect to the prevalence of the disease, sus- 
ceptible varieties, and other factors, the experiment of the, first year was conducted at 
Baconton, Ga. The object of the experiment was to test the efieetiveness of some cop- 
per dusts in comparison with Bordeaux mixture. The primary motive was the realization 
by growers of the di£S.eulties in, and the limitations to, the spraying of pecans, and a 
mere hope that there might be a dusting method that might supplement to advantage, 
or possibly even replace spraying. It is well known now that dusting is proving both 
effective and practicable in the prevention of diseases of other fruits, and if such a 
method should prove effective and economical in preventing scab in the less susceptible 
varieties of pecans, such as Alley, Schley, Pabst, and others, it would mean thousands 
of dollars to growers and to the pecan industry. 

The experiment was conducted on IG-year old Dolmas, Schley, and Alley trees, the 
majority being Delmas. The Delmas variety began to scab in 1919, and the other varie- 
ties in 1922 or 1923. The 1924 crop of Delmas was almost a total loss from scab. The 
orchard equipment consisted of a Dosch fruit duster and sprayers of the Hardy and 
Friend makes. The fungicides compared were: Bordeaux mixture 4-3-50, the ^'8^^ 
being hydrated lime j a home-made dust of monohydrated copper sulphate, hydrated lime, 
and Kaysoj a commercial copper-lime dust of the same formula, but without the Kayso; 
and a Bordeaux dust carrying an electrical charge prepared by the Kil-Tone Company. 
Five applications of spray wore made, and nine of the dusts, the first four of the latter 
made in the evening and the remainder in the early morning. 

Although the protection program was not begun until three or four weeks after scab 
appeared on the young leaves, yet the dusts held the disease in satisfactory control 
throughout the season on Alley and Bchley, but proved less effective on the Delmas 
variety. On all varieties the spray mixture produced a higher degree of control than 
any of the dusts, but tended to accumulate heavily on the leaves during the unusually 
dry season. Even the spray failed to furnish complete control on any of the varieties 
owing to the late start in the spray program and to the fact that the first two applica- 
tions were made with a defective sprayer. The spray mixture surpassed all three dusts 
in adhesiveness to nuts and foliage. The home-made dust outranked the two commercial 
dusts, in both adhesiveness and degree of scab prevention. The Kil-Tone dust with the 
electrical oMrge exhibited no greater tendency to be retained by the leaves and nuts 
' during the application, and showed even less resistance to washings by rains than the 
copper-lime dusts. It showed the least amount of control of the three dusts. 

Ml of the untreated Delmas trees lost 100 per cent of their nuts from scab, the 
sprayed trees 2.9 per cent, and those dusted with the home-mixed dust, the commercial 
copper-lime dust, and the Kil-Tone dust 21.2 per cent, 54.6 per cent, and 68.7 per cent 
^ selectively, the mature nuts from the sprayed Delmas tested 76 per cent marketable 
tlm filling qualities, as compared with 91.4 per cent, 83.0 per cent, and 77.8 
per cent for nuts from the trees dusted with the home-made dust, the' commercial copper- 
ni dusts respectively. Also, the meats of the sprayed nuts 
in respect to plumpness, oil content, color, fiavori etc. The per- 
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eeiitage of the total number of Delmas nuts that graded marketable was 73.5 per cent 
for the spray, 71.7 per cent for the home-made dust, 37.5 per cent for the commercial 
copper-lime dust, and 24.2 per cent for the Kil-Tone dust. The Alley checks lost 9.7 
per cent of the nuts from scab as drops, and the Schley checks 3.6 per cent. Only traces 
were lost from the sprayed or dusted trees of those varieties. 

The accumulation of the spray deposit on the leaves under the drouth conditions 
caused some premature defoliation in all three varieties and undoubtedly accounted for 
the inferior quality of the sprayed nuts. No injury was noticed from the dust deposits. 

Not figuring the price of machines with their depreciation, or the other equipment 
necessary in connection with spraying pecans, it cost about $6.75 to spray an acre of 
18 trees once, $10,20 to dust with the home-made copper-lime dust, $16.35 to dust with 
the commercial copper-lime dust, and $10.15 to dust with the Kil-Tone dust. With the 
Uelmas variety, the average number of pounds of marketable nuts per tree for the dif- 
ferent treatments was as follows; spray 31,2, home-made dust 32, commercial copper- 
lime dust 12.5, and Kit-Tone dust 10.1. Assuming that the marketable nuts brought the 
same price^ say 40 cents, it would require the following number of pounds of pecans per 
tree to pay for the different treatments: spray 4.7, and 13, 20, and 13 for the dusts in 
the same order as listed above. 

While these represent results from only one season, and moreover a season of un- 
usual drouth, yet they appear to be quite suggestive in indicating, under the conditions, 
the comparative fungicidal value of the four materials used, as well as their effect on 
the function of the tree. Further experiments are being planned to test the effectiveness 
and practicability of dusting for pecan scab. — Georgia State Board of Entomology Pecan 
Station, Albany, Ga. 

Becent 'progress m the control of cereal smuts . — ^W. H. Tisdale. 

Considerable progress has been made in recent years in the control of cereal smuts 
by the Office of Cereal Investigations, U. S. Department of Agriculture, in cooperation 
with the state agricultural experiment stations of California, Illinois, Kansas, Minne- 
sota, Missouri, New York, Oregon, Wisconsin, and Washington. Seed treatment and 
varietal resistance are the principal lines of attack. Studies are being made of some 
of the fundamental factors influencing progress along these lines. 

Among the most important developments along the lines of seed treatment was the 
introduction in 1920 of the copper-carbonate dust treatment for the control of bunt of 
wheat. This treatment is now being recommended for the control of covered kernel 
smut of sorghum. 

More recently certain organic mercury compounds, including ehlorphenol, cresol, and 
ortho -nitro -phenol derivatives of mercury, have proved effective in the control of some 
of the cereal smuts. They are especially desirable for the control of barley smuts. They 
do not cause seed injury, as is true with the standai'd formaldehyde and copper sulphate 
treatments. 

A single bath hot-water treatment has been devised for the control of loose smut in 
wheat which is effective and less injurious to the seed than is the modified hot-water 
treatment. The seed is heldj without presoak, in water at 49° C. for 1 hour and 35 
minutes, or at 48° C. for 1 hour and 50 minutes. 

In the resistance studies, many varieties and selections or strains of the various 
cereal crops have been subjected to attack by their respective smuts under conditions 
favorable for heavy infection. The most resistant material from these experiments is 
used as breeding stock for combining resistance with quality and high yielding capacity. 
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In some instances resistance has been found associated with these desirable characters. 
A number of commercially desirable resistant varieties have been discovered or developed 
through these studies. Among these are Hussar, Martin, Ridit and Sherman wheats 
wdiicli are highly resistant to bunt y Shepherd, Mammoth Red, Trumbull and other varie- 
ties of wlieat wdiicli are resistant to dag smutj Markton, a variety of oat which resists 
both oat smuts j and Pederita, a kernel-smut-resistant sorghum. There are many other 
varieties and selections or strains of the cereals which are either smut free or practically 
smut free. Many of them are being used in our .breeding program. A variety may be 
resistant to a certain physiologic form of smut and susceptible to another form of the 
same species. This complicates our breeding program. 


EBPORT OF THE SEVENTEENTH ANNUAL MEETING- OF THE 
AMERICAN PHYTOPATHOLOGICAL SOCIETY 

The seventeenth annual meeting of the Society was held at Kansas City December 
28-31, 1925, in conjunction with the American Association for the Advancement of 
Science and affiliated societies. The Hotel Baltimore was the headquarters, and the 
fact that the meetings were held in the rooms and parlors of this hotel added greatly 
to the convenience and success of the meeting. It is estimated that about 140 members 
were in attendance. 

Seventy papers were presented at the regular sessions, and ten more were given by 
members at the joint sssion with Section 0 on the subject of disease resistance in 
field crops, thus making a total of 80 papers. Two conferences, one on teaching and 
the other on extension work in plant pathology, and the usual joint session with Section 
Gr, were held. Abstracts of papers were distributed at the meetings and later published 
in Phytopathology (Phytopath. 16: 63-88. 1926). A popular account of the meeting, 
including a summary of facts brought out in some of the more important papers, has 
appeared in connection with the report of the Permanent Secretary of the American 
Association for the Advancement of Science (Science 63: 132-133, 1926). 

At the .joint session with Section G- on December 29 four papers were presented, 
as follows: Botanical Frotlems of American Tropical Agriculture, by W. A. Orton; 
The Present Crisis in Plant Physiological by Burton E. Livingston; The 

Nature and Cause of Persistency of Secondary Sexual States with Special Beference 
to Typha, by John H. Schaffner; and Increasing the Life Activities of Plants hy 
Chemical Treatments, by P. E. Denny. 

The subject of teaching plant pathology was discussed at the conference on 
December 30 by N. J. Giddings, 0. W. Bdgerton, E. E. Vaughan, and others; and 
papers by H. H. Haymaker and L. R, Hesler were read. 

The Phytopathologists ’ dinner, which was held at the Hotel Baltimore, December 
30, was attended by 174 persons. The program consisted of remarks by the president, 
C. W, Edgerton; information concerning the coming International Plant Congress, by 
H. H. Whetzel; the reading of a telegram to Dr. G. E. Lyman, who was unable to 
attend on account of illness; singing by a quartet and by the assembly, led by Donald 
Porter; and a two-act play by members of the Society from Arnes, Iowa, and Man- 
hattan, Kansas. 

Offioees and Eepeesentatives 

The following officers were chosen, the first four being elected by the Society and 
the others selected by the Council and approved by the Society. 

President, I. E. Meihus, Agricultural Experiment Station, Ames, Iowa. 

Vice-president, /R, B. Humphrey, II. S. Department of Agriculture, Washington, 
'D. 0. ' ■ ' 

Secretary-Treasurer (three years), E. J. Haskell, IT. S. Department of Agriculture, 
Washington, D. 0. 

Councilor (two years), J. B. S. Norton, Agricultural Experiment Station, College 
Park, Md. 

Associate Bditors of Phytopathology (three years), M. W. Gardner, Agricultural 
Experiment Station, Lafayette, Ind., to succeed W. D. Valleau; N. E. Stevens, IT. S. 
Department of Agriculture, Washington, D. 0., to succeed E. D. Eands; H. H. Whetzel, 
College of Agriculture, Ithaca, N. Y,, to succeed W. A. MeCubbin; G. W. Keitt, 
Agricultural Experiment Station, Madison, Wis., to sueceeclL. W. Durr ell. 
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Bvsiness Manager (one year), B, J. Haskell, XT. S. Department of Agriculture, 
Washington, D. C» 

Advertising Manager (one year), J. F. Adams, Agricultural Experiment Station, 
Hewark, Del. 

Tiepresentatives on the ConncU of the American Association for the Advancement 
of Science (one year), G. P. Clinton, Agricultural Experiment Station, New Haven, 
Conn., and Donald Reddick, Agricultural Experiment Station, Ithaca, N. Y. 

Member of Mditorial Board, American Journal of Botany (three years), G. K. K. 
Link, University of Chicago, Chicago, 111., to succeed G. R. Bisby. 

Bepresentaiive on Committee on American Type CuZture Collection (one year, 
1926, hut thereafter for a three year period), 0. L. Shear, U. S. Department of 
Agriculture, Washington, D. C. 

Members of Advisory Board (three years), S, M. Zeller, Agricultural Experiment 
Station, Corvallis, Oregon, to succeed C. W. Hungerford as Commissioner for the 
West 5 B. B. Higgins, Agricultural Experiment Station, Experiment, Ga., to succeed 
L. R. Hesler as Commissioner for the South; E. D. Eromme, Agricultural Experiment 
Station, Blacksburg, Va., to succeed L. R. Jones as Commissioner at large. 

Members of Board of Governors of the Crop Broieotion Institute (three years) , 
I. E. Melhus, Agricultural Experiment Station, Ames, Iowa, to succeed C, R. Orton; 
the other members of the Board are M. E. Barrus and N. J. Giddings. 

The f oUowing temporary committees were appointed by the President to serve 
throughout the meetings: Resolutions Committee, E. D. Eromme and I. E. Melhus; 
Auditing Committee, S. M. Dietz and J. L, Weimer ; Blections Committee, G. R. Bisby 
and R. S. Kirby ; Reporting Committee, 'SR . A. McCubbin and E. L. Nixon. 

Report of the Secretary-Treasurer, 1925 

During 1925, 46 members were suspended for non-payment of dues, 8 resigned, and 
3 died, making a total loss of 57 and reducing the total membership of the Society on 
December 20, 1925, to 603. Of these 603 members, 109 are life sustaining members 
and 494 regular members. Sixty-five life memberships were paid up in full December 
20, 1925. At the Kansas City meeting 69 candidates were elected, thus making the 
total membership 672. Of these candidates for membership, 12 came from New York, 
7 each from Iowa and Minnesota, 5 from Japan, 4 each from Wisconsin and California, 
3 from Canada, 2 each from the District of Columbia, Ohio, Florida, Illinois, Kentucky, 
and Washington, and the remainder from scattered states. 


Receipts: 


Statement of Accounts for 1925, as of December 19, 1925 






Balance from 1924 

Annual dues: 1923 

4.00 

$3,504.54 

, 1924 

12.00 


1925 

1,012.02 


■ ■ 1926 

1^,600.60 

2,628.62 

Bales Tdeeived^ with annual dues .... 

7.00 

Excess dues 




59,02 

iiilBIliiilBKSiil 

. 63,88 

122.90 


500.00 

gaish PhytO|!athologista^ dinner 

tickets......... 





6,777.21 




iiliiliiilii 
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JSxpenditures : 

Amount transferred to Sinking Fund for investment........ 630.00 

Secretarial work 65.00 

Postage stamps 20.10 

Excess dues refunded 6.00 

Member subscriptions transferred to Phytopathology 3,912.00 

Expenses of Committee on International Botanical Congress. 16.25 
Printing (Preliminary announcements, program, nomina- 
tion blanks, ballots, bills for dues, Advisory Board 

stationery) 105.70 

Cheeks returned by bank 18.00 

Expressage and postage on stationery 2.75 

Complimentary dinner tickets 9.00 


$4,784.80 


Balance $1,992,41 

Outstanding cheek 16.25 


$2,008.66 

Amount of above receipts credited on 1926...... 1,600.60 

Amount due Phytopathology for European donations 60.98 

Amount due Phytopathology for sales with dues 7.00 


1,668.58 


Actual balance for 1925 $340.08 


Eeport of the Business Manager of Phytopathology for 1925 

Phytopathology has come through the year with a balance of nearly two hundred 
dollars in excess of 1924, and in addition has used about thirteen hundred dollars more 
than last year for expansion. The accompanying statement of accounts shows a bank 
balance of $2,271.39 and an investment of surplus funds of $1,003.25, which together 
total $3,274.64, 

The present financial status of the journal as compared with that of 1924 is shown 
graphically on the accompanying chart. Beceipts from all sources, with the exception 
of subscriptions and members! subscriptions, have increased materially over last year. 
Attention is called especially to returns from advertising and sales of back numbers. 

Suhscriptions. The number of paid up subscriptions for 1925 on December 20 was 
407, of which 246 were foreign and 161 domestic. This is an increase of 29 over 1^924. 
The number of subscribers in good standing at the end of each year for the past five 
years is shown in table 1. Most of the increase the past few years has been due 

to new foreign rather than domestic subscriptions. Bussia, Germany and Japan lead in 
numbers of new subscriptions in 1924 and 1925. 

The reduced rates to European subscribers, adopted by the Society at the Wash- 
ington meeting, have been in force during the year. These prices, based on exchange 
rates, have resulted in a cost of approximately $140. This has been offset to some extent 
by the securing of European subscriptions that probably would not otherwise have 
been obtained. Out of 59 new subscriptions in 1925, 37 were from the European 
countries concerned, divided as follows ; — ^Russia 14, Germany 9, England 3, Belgium 2, 
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Table 1, — 8iibscri])tions to Fh'^topathology 


Year 

Number of 
subscriptions 

Increase over 
previous year 

1920 

276 

— 

1921 

287 

11 

1922 

320 

33 

1923 

340 

20 

1924 

378 

38 

1925 

407 

29 


and one each from Austria, CzeelioslovaHa^ Pinland, Hranee, Ireland, Italy, Serbia, 
Spain, and Sweden. 

Memhefd^ suhscripUons. The amount of money received from members^ sub- 
scriptions this year has been slightly less than last year in spite of an increase in mem- 
bership. This is largely owing to the use of only $4.00 of each sustaining life member- 
ship installment instead of $5.00 as has been done in the past. Also, in 1924, a few 
life members paid dues in advance. 

Advertising. The actual amount of money received from advertising, as shown 
by the accompanying chart and statement of accounts, was $1,176.32, an increase of 
$479.03 over last year. 

The receipts from the particular advertisements that appeared in the 1925 volume 
will be about $1140 as compared with $781.50 in that of 1924, which, owing to the 
activities of the advertising manager, is an increase of $358.50, 

Beeeipts from advertising during the last seven years have been as follows: 


1919 

$ 221,45 

1920 

193.83 

1921 

309.32 

1922 

519.06 

1923 

594.57 

1924 

781.50 

1925 

1,141.24 


Sales of back numbers more than doubled those of 1924. An unusual 
number of large orders were received from institutions, especially in foreign countries, 
for complete sets of the Journal. Many requests also came from persons desiring the 
last few volumes. In all, 80 separate sales of back numbers were made. 

.^SmTcing The sinking fund, resulting from payments of life sustaining 

members, now amounts to $4,750.00. This is invested in seven mortgage notes ranging 
in denomination from $500.00 to $1000.00 and bearing 6, 6.5, and 7 per cent interest. 

At the Washington meeting the Council authorized the secretary to put $6.00 out 
of every $10.00 contributed by life sustaining members into the sinking fund, instead 
of $5,00 as heretofore. This has resulted in an addition to the sinking fund and a 
diversion from Phytopathology in 1925 of one dollar for every life sustaining member 
or $110.00. Por 1926 the amount will be about $45.00, as 65 members have now 
completed their payments. 

JSls6pcndUures. Owing to the increased size of Volume 15 of Phytopathology, 732 
pages in the tot eleven numbers as compared with 536 pages in the corresponding 
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numbers of last year, the cost of manufacture was considerably greater than last year. 
It cost $5,102.62 to prepare numbers 1 to 11 of Volume 15 and $3,801.20 for the same 
numbers of Volume 14, a difference of $1,301.42. The increased cost is entirely due 
to the greater number of pages and cuts, as printers rates and costs of paper have re- 
mained the same. Volume 10 is by far the largest ever issued. 


PHYTOPATHOLOGY RECEIPTS AND EXPENDITURES 

1924 AND 1925 


Receipts 

Interest - 


Sales ■ 


Member's . , 

Suhscnpfions 


Subscriptions ” { 2 ' 9 6 6 5 
Balance From f 2 . 2 7 0 . 3 7 

Previous Year [3. 08 A- 95 

roMRece/)ofs-{^’l°^-ll 

fZx q I 9 9 2 
EXPENDITURES “ je 3 6 2 ! 0 4 


DOLLARS 



232.48 

1 


316.88 



400.60 

Wi 


928.88 



697.29 



, 1 76.32 


[. 979.00 

i 

1 . 933;00 



THOUSANDS OF DOLLARS 

3 ^567 


10 




X L 




Bajance$3. Oa/f.SS^ 


' Sa/ance$3.S7J*,6^’^\ 


\ I 9 ZU 


\ tB25 


The increased postage rates on second class matter which went into effect January 
1 of last year have resulted in an increased cost over last year of about $36.00 for 
mailing back numbers from Washington and College Park, Maryland, where back 
volumes are stored. The increased rates did not affect the publisher at Lancaster, 
but owing to the greater weight of this yearns volume, the cost of mailing the first 
eleven numbers was $223.25, or $64.14 in excess of 1924. 

Another item of expense which appears for the first time this year is that of in- 
surance on back volumes of Phytopathology that are stored at College Park, Maryland. 
Although located in a building that is supposed to be fireproof, they are stored in a 
room with bulletins and other inflammable matter, and so it seemed advisable to insure 
them against fire. Accordingly a policy, costing $60.00 and extending over a three 
year period, was purchased. 

Statement of Accounts for 1926, as of December 19, 1920 
Receipts: 

Balance from 1924 $l,lO0.9o 

Subscriptions ($706.99 for 1926) 2,196.60 

Sales 
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Advertisiiig, 1924 174.01 

1925 962.98 

1926 39.33 

Interest on invested sinking fund 

Balance due sinking fund 

Principal of Kaulbeek mortgage note paid .... 
Member subscriptions from Society for 1924 
Member subscriptions from Society for 1925 


1,176.32 

316.88 

630.00 

1,000.00 

1.979.00 

1.933.00 


$11,266.68 


UxpemUtures : 

Manufacturing Phytopathology: 


Vol. XIV, 

, Ko. 

12 

..... 321.91 

Vol. XIV, 

, Index ....... 

148.65 

Vol. XV, 

Xo. 

I 

... 362.58 

Vol. XV, 

Xo. 

2 

... 383.79 

Vol. XV, 

Xo. 

3 ....... 

... 369.76 

Vol. XV, 

Xo. 

4 ....... 

... 332.78 

Vol. XV, 

Xo. 

5 

... 457.28 

Vol XV, 

Xo, 

6 

.... 228.99 

Vol. XV, 

Xo. 

7 

... 485.61 

Vol. XV, 

Xo, 

8 

391.49 

Vol. XV, 

■ Xo. 

9 ...... 

... 380.64 

Vol, XV, 

Xo, 

10 

... 429,22 

Vol. XV, 

Xo. 

11 ...... 

534.85 


470.56 


Engravings for Vol. XV 745.63 


5,102.62 


Printing Phytopathologieal Abstracts 

Expenses of Editor in Chief (including letterheads, post- 
age, etc) 

Expenses of Advertising Manager (including envelopes, 

advertising sheets, printing stationery) 

Second class postage (mailing back vols. from College 

Park) 

Secretarial work 

postage stamps 

Sinking fund invested with accrued interest 

Printing letterheads, billlieads for Business Mgr 

Purchase of stamped envelopes 

Insurance on stock of back volumes 

Miscellaneous expenses, account books, telegrams, graphs, 

paper and labor in tying back volumes 

Buplleaite subscriptions refunded 

Excess advertising refunded 

Investment of surplus funds with accrued interest 


$5,573.18 

14.51 


40.43 


80.46 


33,98 
- 260.00 
23.00 
1,760.79 
34.71 
56.85 
65.20 


32.43 

16.00 

,50 


1,003.25 


$8,995.29 


, ■ / 
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• $8,995.29 


$2,371.39 

Outstanding check 15.00 


Balance $2,286.39 

Assets: 

Cash in bank (balance as shown in statement of accounts) $2,286.39 

Sinking fund (invested) 4,750,00 

First mortgage (surplus) 1,000.00 

Amount due from sales made 59.00 

Amount due from advertising 160.80 

Amount due from subscriptions 317.75 

Member subscriptions to date 1,081.00 

Cash and; checks on hand to be deposited 88,96 

Sales received with member’s dues (now in Society account) ........ 7.00 

Amount due Phytopathology for Furopean subscriptions ................ 60.98 


Total assets $9,811.88 

Liabilities: 

None. 

Eeport of the Eoitor-In-Chief of Phytopathology 


Volume 15 of Phytopathology contains 810 pages, comprising 86 articles, 23 notes, 
7 reports, 3 book reviews, 40 plates, and 140 text figures. About loO manuscripts, 
including notes, were submitted. Of these, 35 were returned to the authors for re- 
vision, and 6 were rejected or withdrawn . under pressure. It is the largest volume 
ever issued. ’While it is gratifying to have published so much material, the Editorial 
Board assumes no particular credit, except that it took advantage of the congestion of 
several other journals and invited pathologists to submit their papers to Phytopathology, 
with the promise of relatively prompt publication. The fact that there were sufficient 
funds to publish so much material is due to the energy, efficiency, and effective business 
sagacity of the Business Manager and the Advertising Manager. The contribution 
of $350 by the Graduate School of the University of Minnesota for editorial assistance 
also enabled the editors to handle more manuscripts than they otherwise could have 
done. The editor wishes also to acknowledge the accommodating helpfulness of A. E. 
Urban, Manager of the Science Press Printing Oompany, in the onerous task of issuing 
the journal. 

Unfortunately, not all of the numbers were issued on time, owing partly to the 
readjustments necessitated by the change in personnel of the Editorial Board, partly to 
the delays caused by sending poorly prepared manuscripts back and forth for re- 
vision, and partly to perfectly natural causes. 

Most papers were published in order of receipt, although the exigencies of ^^make 
up ’ ’ often makes it difficult to fit papers into the number for which they are scheduled. 
And it should be perfectly clear that poorly written manuscripts which req'uire extensive 
editing and revision can not be sent to the printer as promptly as those which are 
ready for publication when received. Much time is consumed in editing poorly-written 
manuscripts and sending them back and forth between author and editor, a process 
which often must be repeated several times. On the other hand, when few or no changes 
are necessary, manuscripts can be marked for the printer and sent merrily on their way 
without delay. 
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During tlie past jear the Editorial Board has not discriminated against papers 
on account of length. It seemed far better to publish good papers, even though long, 
than to clutter up the journal with many short but mediocre contributions. Not that 
there is necessarily any merit in length j some people apparently try to make a paper 
long merely in order to have a few more published pages to their credit or to appear 
erudite. This is deplorable but true. The shorter the paper, provided the brevity is 
compatible with completeness and clearness, the better the impression it makes. How- 
ever, short papers should not degenerate into mere news items, plant disease survey 
notes, or notices that a held of investigation is preempted. 

A discussion regarding the quality of papers acceptable for Phytopathology 
raises a delicate question. There seems to be little unanimity of opinion as to what 
constitutes a valuable paper. The Editor took a ballot on the quality of papers appear- 
ing in several numbers of Phytopathology, and, if the results had been plotted, a 
corkscrew curve would have resulted. What seems superfluous and piffling to some may 
seem important and valuable to others : a paper may be fertile with information and ideas 
for some pathologists but completely barren for others. 

Borderline papers constitute a real problem, often resulting in considerably in- 
creased nocturnal wakefulness on the part of members of the Editorial Board. To 
do justice to an author and at the same time maintain a high standard for the journal 
is sometimes a difficult equilibristie feat. When the Editor was in doubt xegai’ding 
the acceptability of papers submitted, he asked the opinion of as many different indi- 
viduals as possible. 

No attempt is made to compete with the Atlantic Monthly in excellence of style. 
Style, after all, is a somewhat elusive thing, but it does not require a stylist to observe 
that some papers have no style at all. Readers have the right to expect that scientific 
results will be presented clearly, concisely, and consecutively. It should be possible 
for a reader to get the winter meaning without doing literary detective work. Am- 
biguity, prolixity, redundancy, and deadening monotony of expression completely spoil 
many manuscripts. Certainly the first three have no place whatever in scientific 
papers. Even an amateur editor can detect such glaring faults ; in fact they often 
overwhelm him with their obviousness. Some authors have intimated that insistence on 
correctness of expression and punctuation are carried to extremes of picayunishness. 
Some have insisted that the reader can unravel a sentence about half a page long, 
containing six or seven subjects, fifteen or twenty modifiers and a score of verbs, half of 
which are not in agreement with the subject. Maybe so. The reader probably could 
solve a cross-word puzzle too, but scientific journals are not designed to furnish that 
sort of mental test. Papers should be written clearly enough to enable a reader to 
get the meaning quickly and as painlessly as possible. 

The readers have a right to expect that every paper shall contain an introduction 
to the subject, a clear-cut statement of the objects of the investigation, a complete 
but concise statement of the results, a discussion of the significance of the results, 
and a brief but comprehensive summary. 

There should be some references to literature cited. There seems to be an in- 
creasing tendency, as pointed out by the previous Editor-in-Chief, for many pathologists 
to disregard previously published results. With the tremendously increased volume 
of literature, the formulation of a policy with respect to literature citations is difficult. 
But it does seem that reference should be made at least to some previous papers which 
have summarized the contributions made up to the time they were published. 

, The quality of papers submitted for publication in Phytopathology should be im- 
proved. This is true both of substance and form. A paper should contain a con- 
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tribution to knowledge or thought, and the material should be well presented- Un- 
fortunately, seientifie manuscripts usually are written by professional scientists but 
amateur writers. And they show it. In many of the papers the most elementary 
rules of English composition are violated; and others are full of obvious typographical 
errors which the authors should have corrected before the manuscripts were sub- 
mitted. There is a deplorable tendency on the part of anthors to exceed all speed 
limits in rushing their papers into print. This is a perfectly natural desire with which 
the Editor sympathizes, but it is not fair either to the paper or the author — ^to say noth- 
ing about the Editor or the readers. No one has a right to throw his results together 
in the most haphazard way and expect an editor to polish Ms paper for Mm. Some 
authors try to make their major revision on the galley proof, or even on the page 
proof. The time to write a scientific paper is before it is published and not afterwards. 

Every author, no matter how experienced he may be, should submit his manu- 
script to some colleague before submitting it for publication. There would be fewer 
retractions and explanations if this were done. About 90 per cent of the authors 
should enlist the aid of a professor of English or an experiment station bulletin editor. 
If they did, their papers would be published more promptly and would be more favor- 
ably received by the long-suffering reading public. 

It should be remembered, also, that the members of the Editorial Board of 
Phytopathology are not professional editors ; consequently they also make mistakes. 
The guide posts on the road to a better Phytopathology say, better papers and fewer 
mistakes, all along the line. 

Report or the Advertisihg Manager 

The total number of advertisements for the twelve issues during 1925 was 118, 
or an increase of 49 per cent over 1924. This total of advertisements was distributed 
as follows: 46 full page; 38 one-half page; 16 one-fourth page; and 10 one-eighth 
page, making a total of sixty-nine and one-fourth pages of advertising or seventeen 
and one-fourth pages over 1924, representing a 33 per cent increase. 

It was necessary to carry on an extensive amount of correspondence in order to 
secure this small increase. In order to lighten the correspondence and broaden the 
interest of Phytopathology as an advertising medium, a campaign with the slogan 
^^Add an Ad in Phytopathology^^ was launched. Attractive stickers with this slogan 
were printed and distributed to departments for use by members on correspondence, 
requisitions, etc., to concerns which should be attracted to our publication for advertis- 
ing. Through the cooperation of two members, this campaign resulted in securing 
advertisements from only two concerns, which was sufdcient to pay the relatively small 
expense of the campaign. It has been very difficult to secure recognition from com' 
panics manufacturing spray, laboratory, and microscopic equipment. It is urgently 
requested that all members, if at any time in contact with various commercial repre- 
sentatives, take the opportunity of presenting the merits of Phytopathology as a 
practical and efficient publication in which to advertise. A reasonable advertising in- 
crease for 1926 can only be anticipated by personal cooperation of members. 

Rei^ort op the Advisory Board 

The Advisory Board made the following report through its Chairman, M. P, Barrus. 

The personnel of the Board of 1925 is as follows: P. 0. Meier, Secretary, re- 
presenting the U. S. Department of Agriculture; N. J. biddings, representing the 
Northeast; L. R. Hesler, representing the South; M. W. Gardner, representing the 
Midwest; 0. W. Hungerf or d, representing the West; J. E. Howitt, representing Canada; 
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and L. E. Jones and M. P. Barrus, Chairman, members-at-large. The Council has 
appointed the following to the Advisory Board for 1926: S. M. Zeller to succeed C. W. 
Hungerford, B. B. Higgins to succeed L. E. Hesler, and P« B. Promme to succeed 
L. E. Jones. At a meeting of the Advisory Board, N, J. Giddings was elected chair- 
man for 1926. 

Summer Meetings, Two summer meetings of the Society were held in 1925, one at 
Corvallis, Oregon, June 22-24, in conjunction with the annual meeting of the Pacific 
Division, and a cereal conference in Iowa, Minnesota, and ISTorth Dakota, held July 
8 to 14. Brief reports of these meetings have been published in Phytopathology. 

The Advisory Board has decided to hold the summer meeting for 1926 at Ithaca, 
August 21 and 22, in connection with the meeting of the International Congress of 
Plant Sciences. 

Tropical Mesearch Foundation, The following report has been received from W. 
A. Orton, Director and Genei*al Manager of the Poundation: 

A^The leading project, investigations of sugar cane production problems in Cuba 
for the Cuba Sugar Club, an association of 57 of the leading sugar mills in that 
country, has now been in progress for one year. A well equipped experiment station 
building has been erected at Central Baragua, Camaguey Province, near the center of 
the Island, and experimental fields laid out and planted. A branch station for varietal 
studies has been established at Herradura, Pinar del Eio, and field experiments on 
mosaic have been located at two other points, Jatiboiiico and Jobabo. A general 
survey has been made of the cane areas of Cuba, and a reconnaissance soil survey 
cooperative with the Bureau of Soils is nearly completed. This work is in charge 
of Mr. D. L. Yan Dine, Field Director, with the following staff: James A. Paris and 
Marion N. Walker, Pathologists; C, P. Stahl, Entomologist; E. V. Allison, Chemist 
and Soil Biologist; S. Lomanitz, Chemist; P. S. Earle, Sugar Cane Technologist (half 
time) ; A. Y. Svitzer and Luis Scaramuzza, Field Assistants. 

'^Our energies are concentrated in the main on four important problems; mosaic, 
root disease, cane borer, and cane varieties. 

^^The second project, forestry investigations in Cuba, was begun on November 1, 
1925. This involves a reconnaissance survey of eastern Cuba, which is supported 
by the United Fruit Company and the Cuba Company. The scientific staff includes the 
following: Dr. H. N. Wliitford, Mi*. Thomas H. Gill, Mr. William Crosby, and Mr. Donald 
Matthews, the first two for a temporary period. 

**The Poundation is about to send an expedition to the west coast of Peru to 
advise the Sociedad Agraria relative to experiment station problems and organiza- 
tion for sugar cane and cotton.'^ 

National Research Council, The chairman of the Board attended a meeting of 
the jDivision of Biology and Agriculture held at Washington during April. The folio w- 
ing projects reported at that time and later have some relation to plant pathology: - 

^*In order to hold the representation on the Division to an effective working 
body, to hJOep expenses within reasonable limits, and to maintain representation of 
the national research societies,’^ a plan has been proposed whereby the present mem- 
bership may be f educed by means of group representation. By this plan, which was 
later approved by the executive committee of the Division, The American Phytopatho- 
logxcal Society is grouped with The Society of American Bacteriologists. These two 
societies will select one representative On the Division. This plan is to be voted on at 
the next annual meeting of the Division. r . 

I ■ The Committee on Phytopathology in the Tropics has concerned itself primarily 


with the promotion of a. plan for a gi’aduate school of tropical agriculture, with an 
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associated botanical garden and researcli biological station, to be located in southern 
Florida. Ur. W. A. Orton has recommended that, as it may be found desirable to 
broaden the scope of the proposed station, a new committee be formed to take the 
place of the old one, and this suggestion was approved by the Division. The new 
body is called the Committee on Subtropical Biological Institution. The personnel 
of this committee is W. A. Orton, Chairman, M. M. Metcalf, and R. A. Harper. 

The Committee on Research Publications is a joint committee with the Union of 
American Biological Societies with Dr. C. E. McClung as chairman, appointed to 
ascertain the needs of the various research journals in biology. 

The Joint Publication Committee is composed of four members appointed by the 
Union of American Biological Societies, four by the Division of Biology and Agri- 
culture, one by the American Association for the Advancement of Science, one mem- 
ber-at-large, and a representative of the English biologists. Meetings have been held 
for discussion and action on phases of the Biological Abstracts Journal. 

Official endorsement of the Biological Abstracts Journal has been made by the 
British Association for the Advancement of Science and the Australhin Research 
Council, and unofficial assurance of cooperation by the Japanese Research Council. Dr, 
J. R. Behramm as editor-in-chief is engaged in getting the journal under way and 
abstracting will be begun with the 1926 literature, with publication of abstracts later 
in the year. 

The Arthur Bust Project was reported as follows by Dr. 0. R. Orton: 

‘^Dr. J. C. Arthur and Dr. F. D. Kern during July and August visited the leading 
rust specialists of Europe, including Dietel, Sydow, Eriksson, Jorstad, and Butler. 
Expenses for Dr. Arthur were paid by Himself and of Dr. Kern by special arrange- 
ment of Pennsylvania State College. The purpose of the trip was (1) to discuss 
various theoretical problems connected with taxonomy and morphology, (2) to discuss 
nomenclature especially as regards Dr. Arthur terminology the old terminology. 
The results of this visit are (1) general agreement on the first point (2) division of 
agreement on the second point, a majority of the Europeans thinking the new terms 
unnecessary. 

‘^The persons selected to write the rust book are Drs. Arthur, Kern, Fromme, 
Bisby, Mains, Jackson and Orton. The book has been completed except for a chapter 
on control of rusts, a short chapter on teretological features of rusts, and a chapter 
on classification. ' ' r 

Information Service in Plant Pathology, Last year the Advisory Board recom- 
mended that a plan be worked out for supplying the layman with information and 
news about plant pathology. The Council approved this suggestion and appointed 
W. A. McCubbin to consider the possibilities of developing such a service and, if it 
seemed feasible, to prepare a plan. Dr. McCubbin submitted such a plan to the mem- 
bers of the Advisory Board, who examined it critically and offered certain suggestions. 
Some of these are included in a revised plan presented to the Society at the Kansas 
City meetings and approved by it. The Council, upon the recommendation of > the 
Advisory Board, has appointed W. A. McCubbin, F. C, Meier, and G. R, Lyman to a 
Committee on Information Service in Plant Pathology responsible to the Ooimeil, and 
has appointed W. A. McCubbin as publicity editor, with recommendation that the ser- 
vice be inaugurated. > 

Investigations on Plant diseases and Pnngiddes Condnoted ly fhe Qrop Proteo-^ 
tion Institute. The cereal seed treatment project was discontinued at the end of last 
year. The results of the work have been prepared for publication irt PHTTOpathology. 
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Furfural investig’ations were terminated on March 1, 1925. A paper, setting 
forth the studies on furfural, has been prepared for publication in Phytopathology. 

Scalecide investigations are supervised by a committee consisting of H. W. Thurston 
E. L. Nixon, P. J, Parrott, and H. W. Anderson. The main part of the investigation 
is being conducted by Mr. John Miller with headquarters at Pennsylvania State 
College. Studies are also being made in Massachusetts, and Illinois in cooperation with 
the Agricultural Experiment Stations of these respective states. The B, Gr. Pratt 
Company has provided $13,500 to continue the investigation for a period of three 
years. Prof. Thurston reports that the investigations thus far have indicated scale- 
cide to have but little eifect in stimulating or inhibiting the growth of apple tree. 
No definite effect on fix'e blight cankers on body and root has yet been observed. 
Studies are being made on the penetration of scalecide into the tissues of the apple 
tree in the hope of throwing some light upon oil injury. All three lines of investigation 
will be continued another year. 

The crown gall investigations project is supervised by a committee consisting of 

I. E, Melhus, G, W. ICeitt, and M. P, Barrus. The investigators are A. J. Biker and 

J. H. Muncie. Headquarters for the work are at ‘Wisconsin Agricultural Experiment 
Station and Iowa Agricultural Experiment Station. Funds for the investigation 
amounting to $6000 a year have been furnished by the American Association of 
Nurserymen, by individual nurserymen, and by the Universities of Iowa and Wisconsin. 
The project has run for nearly two years and will terminate on June 30, 1926, unless 
additional aid is forthcoming. Some of the results of this investigation have already 
been published. Papers were presented at the Kansas City Meeting by Dr. Biker 
and Dr. Muneie. These and others will be published later. 

The copper investigations project is supported by the Nichols Copper Company, 
the Baalbaeh Metals Corporation, the Goldsmith Brothers Smelting and Befining 
Company, and the Boyce-Thompson Institute for Plant Besearch, Inc. by Dr. Frank 
Wilcoxon under the supervision of a committee consisting of Drs. William Crocker, 
N. J. Biddings and B. W. Thatcher. The following statement of progress has been 
presented by Dr. Crocker. 

^*This investigation was comrhenced in May, 1925, and had for its immediate 
objective the preparation of a reversible colloidal copper fungicide which could be sold 
in concentrated form, and could be prepared for use by merely stirring into water. 
It was restricted to such compounds as would meet the requirements of a satisfactory 
fungicide as regards toxicity, cheapness, adhesiveness, harmlessness to foliage, etc. 
The work involved laboratory tests for toxicity, and adhesiveness, as well as the pre- 
paration and examination of a large number of copper-containing substances. Of 
these, two have been found which seem to warrant more extensive tests in the field, 
and it is hoped to carry out such tests next year.’^ 

The seed-borne parasites and seed disinfection project is supported by funds, 
amounting to $3,500 a year, appropriated by The Bayer Company and is conducted 
in cooperation with The Boyce-Thompson Institute for Plant Besearch at that Insti- 
tute. The investigator, G, B. Orton, devotes half time to the project. The committee 
consists of William Crocker, who supervises the project, M. T. Munn, and W. L. Burlison, 

An application for the incorporation of the Crop Protection Institute under the 
laws of the District of Columbia has been made and a revised Constitution and By- 
laws of the Institute to accord with the requirements of the law have, been submitted 
to the members for a letter ballot. 
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Reports op Other Committees and Representatives 

Auditing Committee, The Auditing Committee, S. M. Dietz, and J, L. Weinier, 
reported as follows: 

The hooks of the Phytopathological Society were audited and cheeked with the 
resume presented before the Society on December 30, 1925. 

The books of Phytopathology as presented before the Society on December 30, 
1925, were audited and found correct. 

BepTeseniative on Committee on Blans for Interndtional Congress of Blunt Sciences, 
H. H. Whetzel outlined the plans for the forthcoming Congress at the dinner on the 
evening of December 30. A summary of his remarks follows: 

'/The International Congress of Plant Sciences meets at Ithaca, IST. Y., August 
16-'23, 1926. There will be some thirteen or more sections representing all branches 
of plant science, each with an executive secretary. Dr, D. Reddick is the Secretary of 
the Phytopathological Society and the program for this society is in his charge. The 
program will be made up of invitation papers, but ample opportunity for round table 
and general discussion will be provided. 

"Field and collecting trips are being planned, at least one trip to nearby sec- 
tions in the State where diseases of crops, especially of truck and field crops, may be 
studied. These will be arranged for by the officers in charge of the summer meeting 
of the Society. 

"Cornell University will provide rooms and cafeteria service at a very reasonable 
charge and can handle all comers. A special effort should be made to make this the 
greatest international gathering of plant pathologists to date. Every American plant 
pathologist should plan to be there. 

Bepresentative on American Type Culture Collection Committee. Miss Margaret 
B. Church, in the absence of the Society's representative, C, L. Shear, presented a re- 
port embodying the following information: 

"Maintenance of the fungi in the American Type Culture Collection is super- 
vised by Drs. Charles Thom and Margaret B. Church of the U. S. Department of Agri- 
culture, Bureau of Chemistry, Washington, D. 0. The Microbiological Laboratory in 
this bureau has been maintaining successfully saprophytic molds in culture for num- 
bers of years. The executive committee of the collection assigned to the project about 
$400 per year fo be used by an assistant. This provides about ten hours per week 
service. When the temporary mimeographed list of the collection was issued in 
September 1925 the number of fungi included was about seventy. Other cultures of 
fungi have been and will be added as time and facilities permit. Cultures included 
are as free from contamination as can be ascertained and are identified by competent 
persons. Cultures are transferred in Washington and mailed to Chicago for distri- 
bution. New transfers are periodically sent to Chicago to replace the older ones. 
Current record books, a letter file and a card index are developed for the collection. 
The card index indicates the name of the fungus, the source of the particular culture, 
the date of its isolation, and the original citation. This collection of living cultures 
of fungi is of active interest to students, investigators, and those dealing with indust- 
rial and agricultural problems. ' ’ , 

Besolutions Committee. The chairman of this committee, F. D. Fromme, presented 
the following resolutions, which were unanimously adopted ; 

1. Besolved: That the American Phytopathological Society expresses its appre- 
ciation of the progress being made by the Committee on American Type Culture Oollee- 
tions in providing supplies of pure cultures of bacteria and fungi, and urges that the 
collection of fungi, especially plant parasites, be increased as rapidly as possible. 


660 


Phytopathology 


[VoL. 16 


] {' 

I'l I I*'’ 

§4 " I; 
|| 1 : 


ills 


it ; •li! 


Ilf 

ill I 

Hi I 


u 






2* Whereas: Plant pathologists have found the recent /'^Author and Subject 
Index to the Publications on Plant Pathology of the TJ. S. Department of Agriculture ' ' 
very useful, and whereas a similar index of publications of State Experiment Stations 
would be equally helpful, therefore be it 

Besolved: That the American Phytopathological Society assembled at Kansas 
City respectfully requests the Bureau of Plant Industry Library to consider the 
preparation of an author and subject index to the experiment station literature in the 
same manner as has just been done for the TJ. S. Department of Agriculture publi- 
cations, and that copies of this resolution be sent to the Chief and to the Librarian 
of the Bureau of Plant Industry. 

3. Mesolved: That the editor and the editorial board of Phytopathology are es- 
pecially commended for the vigorous and heroic policy of improvement which they 
have inaugurated and followed during the past year; our support is assured for the 
application and further extension of this policy during the coming year. It is recog- 
nized that the excellence of the journal is due in no small measure to the activities 
and good judgment of the Business Manager and the Advertising Manager, and we 
further record our sincere appreciation of their work, 

A B'esolmd: That we record a most favorable reaction to the hotel type of con- 
vention and express a desire that arrangements for similar hotel meetings be made in 
the future when facilities permit. 

5. Hesolved: That we hereby express our appreciation of the excellent facilities 
for the business of our meetings and for entertainmnts that have been provided at Kansas 
City. This expression is especially tendered to the general officers of the American 
Association for the Advancement of Science; to the local committee for the Kansas • 
City meeting ; to the officers of the American Phytopathological Society and to its 
program committee ; and to the management of the Hotel Baltimore. 

Q. jResolved: To the authors, producers and entertainers who are responsible 
for our dinner program, and to the founders of the Epsilon Phi Tau fraternity we 
express our thanks for a most enjoyable evening. 

Action OE THE CouHciL 

In addition to the appointments meationed in the first part of this report, the 
Council reported the following actions which were approved by the Society. 

It was recommended that there be initiated the publication of a series of separate 
papers, independent of Phytopathology, consisting at the outset of translations of 
important classical articles. This series might be appropriately termed ^^Phytopath- 
ologieal Classics, These papers are to be sold at a profit sufficient to provide for 
the continuation of the series^ The work of obtaining and preparing them is to be 
entrusted to an editorial committee of three consisting of H. H. Whetzel, Chairman, 

' E. C. Stakman, and P, D, Promme. 

‘ The Council recommended the appropriation of $300 from the treasury of the 
Society for the use of the International Congress of Plant Sciences, one-hundred 
dollars to be for the use of our representatives on the committee, and the sectional 
secretary, and the remaining $200 to be applied to the general fund. 

Attention of members was called to the Pan-Pacific Science Congress which will 
he held at Tokyo, Japan. October 27 to November 9, 1926. Any members who think 
they will be able to attend are asked to communicate with the president or secretary 
in order that they, may be properly appointed as delegates, 

' The Council adopted rules of procedure, proposed by the committee on Necrology, 
to he followed in connection with receiving the report of that committee and in 
obtaining And pireparing biographies of deceased members. These rules are as follows: 
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1. The Committee recommends that the time of receiving the annual report of the 
Committee on Necrology he carefully chosen by the President or presiding officer with 
respect to full attendance and the avoidance of too great disharmony with what pre- 
cedes and follows on the program. 

2. The Committee recommends that the Society inaugurate the custom of standing 
while the annual report of the Committee on Necrology is received, or if this recom- 
mendation fails of approval, that the Council consider and inaugurate some other 
method of giving an appropriate degree of solemnity and distinction to this occasion* 

3. The Committee recommends that a brief, but full page notice in memoriam be 
annually printed in the number of Phytopathology in which the annual meeting is 
reported, following the custom inaugurated in the number of Phytopathology, for 
May, 1925. 

4. The Committee recommends that a suitable biography of every deceased mem- 
ber shall be published in Phytopathology; that this shall, at the discretion of the 
editor-in-chief, be accompanied by a photograph and by a complete, carefully prepared 
bibliography, or a citation of a complete bibliography published in some other journal. 
It is further recommended that the Committee on Necrology shall be responsible for 
seeing that such a biography is suitably prepared and submitted for publication with 
reasonable promptness. 

5. The Committee recommends that ten copies of the number of Phytopathology 
iu which any given biography appears, or ten reprints of the biography, shall be sent 
to the family of the deceased at the expense of the Society. 

Committee on Necrology— Haven Metcalf, Gr, P. Clinton, and L. E. Tones. 

Miscellaneous Business 

The reports of the various officers and committees as given in the preceding pages 
of this report were adopted. The Constitutional amendments as printed in Phytopath- 
ology (Phytopath. 15: 619-620, Oct. 1925) were adopted. The secretary’s report of 
the last annual meeting as presented in Phytopathology (Phytopath. 16: 304r-319, 
May, 1925) was accepted. 

It was voted to hold the next annual meeting of the Society at Philadelphia in 
conjunction with the American Association. 

In connection with the discussion for improving the quality of articles published 
in Phytopathology, it was voted as the sentiment of the Society that the editor and 
management be authorized to announce that no papers would be accepted for publi- 
cation in Phytopathology that do not have the signature or approval of some mem- 
ber of the Society, or some botanist of recognized standing, this announcement and 
procedure to be at the option of the editor. 

A motion to discontinue the printing of abstracts of papers that will be presented 
at the next annual meeting was lost, as was also the motion to print only abstracts of 
those papers that are actually presented at the meeting. In connection with a dis- 
cussion of the program, it was voted, on motion hy L. E. Jones, that it was the senti- 
ment of the meeting that as far as possible the program committee be authorized to 
take steps to dignify, systematize and simplify the programs. It was also urged 
strongly that members should not present abstracts and titles unless they fully intend 
to be present at the meeting to present their papers. 

It was suggested that, since simultaneous sessions appear to he necessary and 
desirable, chairmen of these sessions be appointed at an early date in order that they 
may take part in arranging the programs. 

Notice was given of the annual meeting of the Southern Division, which will be 
held this year at the Biltmore Hotel, , Atlanta, I'ebruary 3, 4 and 5* a ^ 

' ; X E. J.. Haskell, Becniarf. 
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IN MEMORIAM 


ELLSWORTH BETHEL, 1863-1925 

^^Professor” Bethel, as he was universally called, graduated from 
Grant Memorial University, Athens, Tennessee, in 1886. The Univer- 
sity of Denver conferred on him the honorary degree of Master of Arts 
in 1905. From 1888 to 1917 he taught in the public high schools of 
Denver, Colorado. From 1917 until his sudden death he was a pathol- 
ogist in the Office of Forest Pathology with headquarters at Denver. 
Self-taught in natural history, he began field work as an amateur, and 
achieved world-wide reputation as a collector. While his specialty 
was the Uredineae, he covered the field of botany and invertebrate 
zoology. His name is perpetuated in the Hymenopterous genus 
Betheliellaf and the specific name hetheli, applied to at least twenty 
species — ^lusts, flowering plants, fossil fungi, insects, moliusks, and 
even a variety of Peripatus. We remember him for his generosity to 
correspondents and to visiting scientists, to whom he delighted to 
unfold the scientific resources of Colorado. 


FRANK JOSEPH PIBMEISBL, 1891-1925 

Frank Joseph Piemeisel received the degree of Bachelor of Science 
in Agriculture from the University of Minnesota in 1914, and the 
degree of Master of Science in 1915. He was then employed by the 
Office of Cereal Investigations, and had made arrangements to pursue 
graduate work for the doctorate, when, on September 20, 1917, he 
was drafted into the army. During his service overseas with the 
Meteorological Section of the Signal Corps he contracted tuberculosis, 
and after 13 months returned to the United States, utterly incapaci- 
tated. In 1925, at the age of 34, he died of tuberculosis at the Vet- 
erans^ Bureau Hospital in St. Cloud, Minnesota. 

A serious minded student in whom the desire and joy of study was 
inborn, Frank Piemeisel demonstrated his outstanding ability in re- 
search while in the Office of Cereal Investigations, an ability which 
predicted leadership in the field which he had chosen for his life work. 
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JOSEPH ROSENBAUM, 1887-1925 

Born in Russia, descendant of a long line of Jewish Rabbis, Rosen- 
baum came to America at the age of nine. He was graduated in 1911 
and received the degree of Doctor of Philosophy in 1914 from Cornell 
University. In 1915 he was instructor in Plant Physiology in Cor- 
nell: from 1915 to 1920 with the Bureau of Plant Industry, engaged 
mainly in the study of potato and tomato diseases. Prom 1920 until 
■ his untimely death he was in charge of the department of Biology 
at the Milford Preparatory School, Milford, Connecticut. For one 
whose years in productive research were so few, he made a notable 
number of contributions to science. 


MARK ALERED OARLETOH, 1866-1925 

Mark Alfred Carleton received the depee of Bachelor df Science 
from the Kansas Agricultural College in 1887, and the degree of 
Master of Science in 1893. He held successively the chairs of Natu- 
ral History at Garfield University and at Wichita University and was 
for a time Assistant Botanist at the Kansas Expeilment Station. In 
1894 he became a pathologist in the U. S. Department of Agriculture. 
•From 1901 to 1918 he was Cerealist in Charge of the Office of Cereal 
Investigations, except for a brief period in 1913-14 when he was 
furloughed to take charge of the chestnut blight control campaign of 
the State of Pennsylvania, Taking up commercial work in 1918, he 
was successively with the U. S. Grain Corporation, the United Fruit 
Company, and at the time of his death with the Laboratorio de Plagas 
Algodoneras at Piura, Peru. ^ . 

Carleton was best known as an agi'onomist, in which line ot work, 
by the introduction and establishment of durum wheat, Swedish 
Select oat, Khakof wheat and other grains, he made monumental con- 
tributions to the prosperity of the United States. But his early work 
and his last was in plant pathology; and his achievements in agron- 
omy were the outgrowth of his studies on the Uredineae. Uie estab- 
lished the physiological relationships of nearly all the cereal rusts 
of this country and demonstrated the distinctness of the difterent 
forms of the same species of these rusts adapted to the same hosts, 
traced the yearly cycle of the orange leaf -rust of wheat, and showed 
that durum wheat, emmers, einkorns, an^d some other wheats are 
more or less resistant to rust,’^ His position in science and in agri- 
culture is secure, resting solely upon his own achievements. 
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STUDIES OP THE EPIDEMIOLOGY AND CONTROL OP 
FIREBLIGHT OP APPLET 

A . N . B R 0 0 K s 

Pireblight, eansed by Baeilhis amylovorus (Burr.) Trev., is one of the 
most destructive diseases of pomaeeous' fruits. It has been recognized in 
America for more than 125 years and has been the subject of much investi- 
gation for a half century. During the period from 1877 to 1882 Burrill 
(5, 6, 7) discovered the bacterial nature of the disease and named the causal 
organism. Arthur (3) isolated the organism and by inoculation tests 
further established its causal relationship to the disease. He also recom- 
mended as a control measure the cutting out of blighted parts of the host 
plant. Waite (40, 41, 42) showed that the blight organism is spread from 
blossom to blossom by bees and that the disease might be controlled by 
means of an adequate program of excision of diseased parts 'where the work 
covered a sufficiently large area. Prom time to time experiments and ob- 
servations have been made upon the modes of dissemination of blight. 
Stewmrt (36, 37, 38), Burrill (4), Jones (24, 25), and others demonstrated 
the spread of twig blight by means of sucking and boring insects. Stevens 
(34) suggested the possibility of the spread of the disease through wind- 
borne inoculum, and Gossard and Walton (17) showed that rain is a factor, 
at least locally, in the dissemination of blight. During the past 15 years 
much work has been done in an attempt to improve methods of blight con- 
trol. Reimer (31) and Day (10, 11) have contributed toward the better- 
ment of methods of excising blighted parts. Reimer (30) has made sub- 

1 Approved for publication by the director of the Wisconsin Agricultural Experi- 
ment Station, 

Grateful acknowledgments are made: 

To Dr. G. W, Eeitt for his kind supervision of the experimental work and 
suggestions and criticisms in the preparation of the manuscript. 

To Dr, A. J. Biker for suggestions and aid in initiating the work. 

To the managers and officers of the Weston Orchards Company of Menomonie 
and the Kickapoo Development Company of Gays Mills for their cordial cooperation. 
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stantial i}rogress in combating pear blight by the nse of disease resistant 
stock. * 

In Wisconsin, epidemic outbreaks of fireblight of apple are common and 
destruetiye. Nnmerons attempts on the part of apple growers of this State 
to control the disease by the excision method have met with indifferent suc- 
cess. Whether this is to be attributed to improper execution or to inade- 
quacies of the method under Wisconsin conditions has been subject to ques- 
tion. In view of these facts further investigations under local conditions 
appeared to he desirable. This work -was directed along two major lines: 
(a) a detailed study of the seasonal development of the flreblight organism 
and of the disease in relation to host development and to certain environ- 
mental factors, and (b) tests of certain control measures. The work was 
carried on at Madison, Wisconsin, during the winters 1923-24: and 1924-25 
and in field laboratories located in orchards near Menomonie and Gays 
Mills during the growing seasons of 1924 and 1925. 

STUDIES OP TPIE OVBRWUNTERING OP BACILLUS AMYLOVORUS 

A more detailed knowledge of the mode and abundance of overwinter- 
ing of the blight organism under Wisconsin conditions seemed fundamental 
to an adequate understanding of the epidemiology and control of the dis- 
ease. Consequently the following studies were initiated. 

Overwmiering on wild hosts 

A study of wild hosts of B. amylovorus in the vicinity of the experi- 
mental orchards, chiefly Pynis coronaria L. and Cmf nestis spp., did not 
reveal any cases of overwintering of the bacteria. In view of this fact 
and of the abundance of overwintering in the commercial orchards, as 
reported below, wild hosts are not considered to have played any significant 
part in overwintering the organism tinder the conditions of these studies. 
It should be noted, however, that wild hosts of B. cimylovonis are compara- 
tively sparse in their occurrence in Wisconsin. 

Tarieiy of apple in relation to overwintering 

One of the first problems of overwintering was to learn the relative 
importance of various commercial varieties in carrying over the organism 
from season to season. With this in mind, observations were made in the 
early spring of 1924 at Weston Orchards and at the orchard of the State 
Horticultural Society near Menomonie, and in 1925 at Kiekapoo Orchards 
near Gays Mills, Wisconsin. 

The chief criterion of overwintering was the production of exudate on 
cankers and twigs which had been blighted the previous year, although the 
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extension of blighted areas was also used to a less extent. In the latter 
case, where there was no production of exudate, the identification of the 
active cankers w^as confirmed by isolating tkfe fireblight organism from the 
extending margins. Of 24 varieties of apple observed, the following were 
found to overwinter the organism and are listed in the order of their im- 
portance in this respect in the situations studied : Transcendent, Hyslop, 
Yellow Transparent, McMahon, 'Wealthy, Fameuse, Tolman Sweet, Sic- 
Intosh, and Dudley. 

Overwintering in commercial apple orcJiards 

Studies of overwintering of the blight organism in commercial orchards 
were initiated with the aim of gaining a clearer understanding of the 
types of lesion associated with carrying the bacteria through the winter, 
the host tissues in which overwintering ordinarily occurs, and the quanti- 
tative aspect of overwintering in relation to lesions on cankers, twigs and 
fruits. 

Studies of cankers: Location of organism. On the basis of 'work done 
on pear, Jones (24) states that the blight organisms , . . ^^live over winter, 
not in the dead cankered tissue, but in the living bark immediately sur- 
rounding the- cankered area.^’ By studying cankers on apple during the 
late fall, winter, and early spring the present writer sought to gain a clearer 
conception of the relation of the overwintering organism to the tissues of 
this host. 

During the fall and winter of the years 1923-24 and 1924-25 fireblight 
material wms sent to* Madison from the experimental orchards for isolation 
studies. This material consisted of blighted twigs i/4 to ii^cb in diam- 
eter, cankered branches % to 2 inches in diameter with 8 to 12 inches of 
apparently healthy bark above and below the cankers, and mummified 
apples. Early in the spring of both 1924 and 1925 similar material was 
studied on the trees in the experimental orchards. 

In all cases isolations were made by cutting away the outermost part 
of the bark wdth sterile scalpels, using a fresh scalpel for each cut, and 
then cutting out small pieces of the underlying tissues and treating them 
by one of the following methods: 

(a) The material was ground fine in a sterile mortar in clean sterile 
quartz sand and sterile distilled water, and this mixture then plated in 
nutrient dextrose agar. 

(b) The material was placed in a sterile petri dish, chopped fine with 
a sterile scalpel, mixed with 1/2 cc. of sterile distilled water, allowed to 
stand for 10 minutes, and then plated as just described. 

(c) The material wms placed in a tube of nutrient dextrose broth, 
chopped fine with a sterile scalpel in the neck of the tube, then mixed with 
the broth and incubated 24 to 48 hours at 28'' C. 
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The pathogenicity of all cultures obtained was tested by pricking broth 
cultures or sterile distilled water suspensions of the organism with sterile 
needles into siiccnlent twigs of "Wealthy, Paineiise, or Transcendent trees. 

From the cut branches sent to the laboratory, platings were made in 
some cases as soon as they were i^eceived, and in others after they had been 
kept for varying peidods with their lower ends immersed in water. The 
cuts on the lower ends of the branches were made fresh from time to time, 
those at the upper ends were paraffined to prevent excessive drying, and 
the water in which the branches were placed was changed daily. The 
branches were kept in the 70° F. greenhouse until the buds had burst and 
the leaves had developed as far as they would under such conditions. It 
was thought that during this time the cankers might become active. Plat- 
ings were made at various intervals during this period. Some of the 
branches were connected by means of rubber tubing to a hydrostatic pres- 
sure system so that the pressure of a lO-foot water column was applied to 
the lower cut surfaces. It was thought that this treatment might favor 
the production of exudate from the cankers. The results of all the above 
isolation experiments are given in table 1. 

In Series III to "VI, inclusive, attention was given to the type of margin 
of the canker, that is, whether it was cracked and well corked olf or com- 
paratively smooth and indefinite. It will be noticed that the greater num- 
ber of isolations of B. amylovonis came from the smooth cankers. The 
organism was isolated in Series II from the live tissues adjacent to the 
margin of the canker; in Series III from the live tissues adjacent to the 
margin of the canker and from an area as far as % inch beyond the margin ; 
in Series IV from the margin of the discolored area of a smooth canker; 
in Series V from the extending margin of a canker on a branch which had 
been connected with the hydrostatic pressure system for 19 days ; in Series 
VI from the margins and from the tissues up to one inch beyond the mar- 
gins of smooth cankers. Of 277 cankers examined, 16 (5.7 per cent) were 
found to he holdover cankers. These figures are in general accord with data 
obtained by actual counts and observations of cankers in the orchards. Of 
352 platings from the margins of cankers, 11 were positive. Of 417 platings 
from the area % to 1% inches beyond the margins of the cankers, 19 were 
positive. All platings from the dead areas in the centers of the cankers 
gave negative results. 

During the winter 1924-25, in addition to the isolations from cankers 
sent to the laboratory from the orchards, trials were made from cankers 
which had been produced upon a pear tree of unknown variety in the patho- 
logical garden at Madison by making scalpel incision inoculations into the 
large branches and trunk on August 13, 1924. Platings made from five of 
these cankers on February 11, 1925— five trials from the dead tissues in the 
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TABLE 1 . — Eesults of attempts to isolate B. amylovorus from apple canlcers 


Part of canker from which platings were made 


Series and dates 
of platings 

Number 
and type 
of eankerse 

Bead center 

Margin 

Living tissues % to 
114 inches beyond 
margin 



Trials 

Results^ 

Trials 

Eesultsf 

Trials | 

Results^ 

■■ 


No. 

No. 

No. 

No. 

No.: 

No, 

1“ Nov. 6 to 
28, 1923 

25 

50 . 

/ 

50- 

50 

50- 

50 

50- 

— 

Ila Eeb. 9 to 








26, 1924 

27 

31 ■ 

1 

T— i 

CO 

62 

1 +, 61 - 

64 

64- 

TTTb May 13 to 

65 C 

65 

65 - 

75 

75- 

75' 

75- 

18, 1924 

40 S 

40 

40- 

45 

1 4, 44 - 

55 

2 4, 53 - 

IVo Nov. 17 to 

70 

7 

7- 

7 

7- 

13 

13- 

Dec. 8, 1924 

18 S 

18 

18- 

18 

1 4, 17 - 

23 

1 23- 

Vc peb. 24 to 

24 0 

24 

24- 

24 

24- 

38 

i 38- 

Mar. 15, 1925... 

US 

11 

11- 

11 

1 4, 10 - 

23 

1 2 4, 21 - 

via Apr. 27 to 
28, 1925 

60S 

60 

60- 

60 

7 4, o3 — 

85 

i 

1 15 +,70- 










a Cankers on cat branches of Wealthy from Menomonie. Plated at Madison, 
b Cankers on Wealthy at Menomonie. Plated at Menomonie. 
c Cankers on cut branches of Eameiise from Gays Mills. Plated at Madison, 
d Cankers on Paineuse at Gays Mills. Plated at Gays Mills, 
e Cr: Cankers with margins well corked oft. 8 = Cankers with smooth margins. 

= amylovorus not isolated. P-JB. amylovorus isolatod.. 

centers of the cankers, seven from the margins, and eight from the tissues 
% to 11/4 inches beyond the margins— gave two positive results. One of 
these was from tissues % inch beyond the margin and the other from tissues 
one inch beyond the margin. 

On February 14 a branch, m inches in diameter, bearing two cankers 
was cut from the above mentioned pear tree and placed with the lower end 
in water in the greenhouse, where it was kept at 50° F. for 10 days, at 
60° F. for a week, and then at 70° F. in an attempt to induce extension of 
the cankers. Before being brought into the greenhouse the cankers had 
been carefully outlined with a wax pencil. Under this treatment one of the 
cankers extended its boundaries. On March 17, as the buds were beginning 
to open, this canker had extended one inch beyond the lower margin, 1/4 
inch above the upper margin, and 1/8 to 3/16 inch beyond the side margins. 



^ amylovorm isoldiXQii. ~ — B. aw2/foi;or«^ not isolated. 
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Platings were made from the dead central tissues and from these extending 
margins. No bacterial growth was obtained on the plates made from the 
dead tissues, but the plates made from the extending margins showed ap- 
parently pure cultures of bacteria which were proved by pathogenicity tests 
on young growing apples trees to be B, amylovorus. 

The above experiments give further proof that the overwintering of the 
blight organism occurs, not in the dead tissues of the cankers, but in the 
apparently healthy tissues adjacent. 

The isolations just reported wei’e all made from material collected in a 
dormant condition. The following tests were made from cankers which had 
just resumed activity. By using cankers in which the organism was known 
to be present, and by making a greater number of trials from each canker, 
an attempt was made to secure more definite information as to the distri- 
bution of the organism in relation to the canker. The cultures were made 
b}^ cutting away the tissues with sterile scalpels until the parts desired were 
uncovered without contamination, then cutting out a small piece with a 
sterile scalpel and placing it in a sterile tube of nutrient dextrose broth 
which was incubated for from 24 to 48 hours. The pathogenicity of these 
cultures was tested by pricking them into young apple twigs of Pameuse 
which had previously been protected by pa|)er bags to insure their being 
free from blight. The results are given in table 2. 

Here again the organism was not found in the dead tissues in the centers 
of the cankers but was isolated from the outer and inner bark of the ex- 
tending margin in every case, and from the wood beneath the extending 
mai’gin 13 times out of 21. From the area % to 1% inches beyond the ex- 
tending margin, it was isolated from the outer bark 17 times out of 21, and 
from the inner bark 7 times out of 21, but not from the wood beneath. 
These results give a gross conception of the relation of the organism to the 
host tissues during the px^ogressive development of cankers. In the advanc- 
ing zone the organism is present in the outer part of the bark, extending 
w-eli beyond the maeroscopieally affected area, while in the later stages of 
development it progresses inward until it reaches the cambium. 

Studies of cmikers: The percentage of cankers overwintering 5. amylo- 
vorus. Observations wei’e made with the aim of securing more definite in- 
formation as to the perceixtage of cankers which overwinter the blight 
organism. The results, which appear in table 3, show that the organism 
overwintered in sufficient abundance to furnish a plentiful source of in- 
oculum for primary infection. The counts made on May 13 showed a much 
lugher percentage of holdover cankers than usual due to the fact that the 
100 cankers observed had been selected because of their smooth margins. 

Studies of blighted twigs: Whether the blight organism is able, under 
Wisconsin conditions, to survive the winter in the small blighted twigs 
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remaining on the trees liad not been definitely determined. Reinking (32), 
working upon tMs problem at the University of Wisconsin, was unable to 
isolate B. amylovorus from blighted twigs late in the fall, during the winter, 
or early in the spring. In Colorado, however, Sackett (33) was able to 
isolate the organism from as high as 21 to 33 per cent of blighted pear 
twigs. With these results in mind, the writer carried on the following work. 

Platings made from blighted twigs brought to Madison from the orch- 
ards during the late fall and winter of both 1923 and 1924 all gave negative 
results, as did also those made in the early spring of 1924 from blighted 
twigs on Wealthy trees in the Weston Orchards. The platings were made 
from the basal portion of the dead tissues of the twigs and also from the 
live tissues immediately adjacent. 


TABLE 3 . — The percentage of cankers overivintering B, amylovorus 


Phieo and date of 
observation 

Variety 

Trees 

■No. 

Cankers 

examined 

No. 

Cankers active 

No. 

Per cent 

Menomonie, Wis. 

July 22, 1924 

Mixed 

— 

104 

8 

7.7 


July 24, 1924..... 

Waalthy 

•— 

202 

5 

2.5 

Guts Mills, Wis. 

Mav 13, 1925 

Pamouse 

30 

100 

11 

11.0 

May 19, 1925 

do 

35 

1(10 

13 

' 8.1 

Mav 21, 1925 : 

do 

145 

291 

16 

i 5.1- 

do 

AVealthy 

55 

25 

1 

i 4.0 

May 22, 1925 | do 

100 

129 

6 

4,6 


It was not until the early spring of 1925 that observations in the orch- 
ards brought out the possible importance of small blighted twigs as hold- 
overs of blight. On May 7 two McMahon twigs inch in diameter, which 
had been blighted the previous year, were found overwintering the organ- 
ism. Three such twigs, 3/16, 1/4, and 3/8 inch in diameter, respectively, 
were found on a Hyslop crab j and three twigs, 1 / 2 , %, and inch in diam- 
eter, respectively, were found on a Transcendent crab. Bach of these twigs 
had a drop of exudate on the live tissues immedately adjacent to the dead 
area. 

On May 8, 9, and 10 several hundred trees and thousands of twigs 
which had been blighted the year befoi^e were examined to find what per- 
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centage of them overwintered the organism, as indicated by the production 
of the typical bacterial exudate. The results, which are given in table 4, 
show that overwintering of the organism in apple twigs may be of more im- 
portance than hitherto supposed. It is desirable that similar data be taken 
over a period of years and in other sections. 

Studies^ of mummified apples. During the winters of 1923-“24 and 
1924-25 and the early spring of 1924 cultural studies of mummified apples 
clinging to blighted twigs failed to show the presence of B. amylovorus in 
any instance. The carpels of some of these apples contained a slimy ooze 
similar to the bacterial exudate produced by the blight organism, but all 
attemx)ts to isolate the latter from this ooze gave negative results. 

PROnUCTION OF BACTERIAL EXUDATE 

Exudate is produced, under certain conditions, from all the blighted 
parts. In some cases exudation takes place even before the disease is macro- 
scopically apparent in the tissues. In order to determine some of the fac- 
tors influencing the production of exudate from blighted apple twigs, the 
following experiments were performed. 


TABLE 4 . — The 'percentage of apple twigs ’blighted in 19 M xeliich shoxoed bacterial 
exudate. Gays Mills, Wis., May 8-10, 1925 


Variety 

Trees 

Blighted twigs observed 

Blighted twigs bearing 
: bacterial exudate 


No. 

No. 

No. 

1 Per cent 

McMalioa I 

360 1 

5525 

148 

1 . 2.5 

Fameuse 

135- . 

4300 

28 

j 0.6 

Wealthy 

250 

1850 

27 

1.5 

i 


Eight Wealthy apple trees in 8-inch pots were used for each experi- 
ment, two being placed in each of four chambers (12) in which the tempera- 
tures were controlled. Two twigs on each tree were inoculated, and the 
points of inoculation were covered for 48 hours with cheesecloth wicks 
which dipped into small flasks of distilled water. The trees were placed 
in the chambers immediately after inoculation. Three sets of these inocu- 
lations were made on different dates. The rate of evaporation in the differ- 
ent chambers was the same and indicated relative humidities of 85. to 90 
per cent in the 28*" C. chamber, 80 to 85 per cent in the 24^" C. chamber, 
75 to 80 per cent in the 16° C, chamber, and 60 to 65 per cent in the 10° C. 
chamber. The results, which were taken after suitable incubation periods, 
are given in table 5. 
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While these data are too limited to be conclusive, they suggest that the 
optimum temperature for the production of exudate lies somewhere between 
16° C. and 24° C. These results are in general agreement with those secured 
from the seasonal development studies of blight made in the orchards. 

In 1925 the following sets of experiments were carried on in three 
controlled humidity chambers (22) the temperatures of which were 20° C. 
and the relative humidities, 50, 80, and 95 per cent, respectively. At the 
same time the relation of the vegetative vigor of the host plant to the pro- 
duction of exudate was studied. 

On January 24, Wealthy trees were set in 8-ineh pots, some in the 
ordinal^ potting soil and others in a mixture of potting soil and well rotted 
manure. They were kept in a gi’cenhouse at approximately 60° F. On 
February 5 the buds started to burst. In order to secure excessively suc- 
culent growth some of the trees potted in soil and manure were treated at 
two week intervals with a nitrate solution, 

TABLE 5. — TJw relation of temperaHre to the pro diiction of bacterial exudate from 
blighted apple twigs, Madison, Wis., 19^5 


Temperature 

Production of exudate on twigs inoculated at stated dates 

ill degrees 0, 

Marcli 23 

March. 30 

Aprils 

10 

Ijittle 

Very little 

None apparent 

16 

Abundant 

Fairly abundant 

Fairly abundant 

24 

Fairly abundant 

Little 

Little 

28 1 

None apparent 

None apparent 

None apparent 


On March 16, two twigs of each of six trees were inoculated with a cul- 
ture of B. amylovtmis and the trees then placed in a moist chamber at 
20-22° C. for 24 hours, after which time one of the trees which had re- 
ceived the special fertilizer treatment and one which had not were placed 
in each of the controlled humidity chambers. From time to time the pro- 
duction of exudate was noted. Pinal results (Series I) were taken on 
March 27. 

On March 30 a similar experiment was performed. In this instance, 
however, instead of placing the trees for 24 hours in the moist chamber, 
the points of inoculation were covered for 48 hours with moist cheesecloth 
wicks which dipped into small flasks of distilled water. Pinal results 
(Series II) were taken on April 6. Eesults for both series are recorded 
in table 6. 

Prom these experiments it appears that, although exudation takes place 
at all three humidities tested, it is most conspicuous at 80 per cent and is 
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more pronounced on exceedingly sucenlent twigs than on those of moderate 
growth. It is possible that at the highest humidity the exudate may have 
been rendered inconspicuous by taking up sufficient moisture to diffuse it. 
In addition to these greenhouse experiments, observations upon exudate 
production were made in the experimental orchards. Eeeords were kept 
of the days upon which exudation was observed. This record is given in 
Pig. 1, where it is correlated wnth other data. Before each period of exu- 
date production there was a period of moist cloudy weather with modei’ately 
high temperature. Humidities above 80 per cent seemed most favorable for 
the production of exudate. Cloudy days followed by clear weather favored 
exudation. Probably one of the most important factors in the production 
of exudate is the condition of growth of the host plant. Just what this 
relation is has not been definitely determined. 


TABLE 6 . — The relation of ImmidiUj and the condition of growth of the host to 

the production of bacterial exudate from hlighted apple twigs, 

Madison, Wis., 19f^5 


Relative 

Production of exudate 

Immidity in 
per cent 

Prom twigs with excessive growth; 

1 

Prom twigs with ordinary 
growth 

Series I j 

50 

Abundant 

Little 

SO 

Very abundant 

Pairly abundant 

95 

Little 

None apparent 

Series II 

50 

Pairly abundant 

Little 

80 

Abundant 

1 Pairly abundant 

95 

Little 

i ■ ■ 

1 None apparent 


VIABILITY OF THE CAUSAL ORGANISM 

Many investigators have worked upon the problem of the viability of 
B. amylovonis under various conditions, either in artificial culture or in 
naturally infected material Qossard and Walton (17) found the organism 
to be viable in aphid honey dew 10 days after inoculation, and in honey 
for at least 72 hours. Pulton (16) showed that when blighted twigs were 
cut off during the period from July to late September and allowed to lie 
on the ground, ninedenths of the twigs did not contain viable organisms 
after 7 days. 
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Under natural conditions B. amylovorus lias been found by numerous 
workers to live over the winter in cankers and, in the present work, it has 
been shown to overwinter in blighted apple twigs even as small as 3/16 inch 
in diameter. In an endeavor to determine how long the organism remains 
viable in drops of exudate under varying conditions, the following experi- 
ments were performed. 

Exudate exposed to direct sunlight. On June 27, 1925, fresh dropvS of 
naturally occurring exudate were collected from petioles, leaf-blades, small 
twigs, and small pieces of bark. These drops were exposed in open petri 
dishes to direct sunlight outside the field laboratory for varying lengths 
of time. After each of the different periods of exposure, 25 drops of the 
exudate were placed in tubes of nutrient dextrose broth, one drop in each 
tube, and incubated for 24 to 48 hours, at the end of which time the patho- 
genicity of the resulting cultures was tested on young blight-free Pameuse 
apple twigs, one twig being used to test each culture. 


TABLE 7. — The mahility of B. cmylovorus in drops of exudate exposed to direct sun- 
lightf Gays Mills^ Wu'.^ 1B^5 


Ko. IiourB exudate exposed 
to direct sunligdit 

No. twigs inoculated 

No. twigs blighted 

i 

25 

25 

1 ■ i 

25 

25 

3 ' , i 

25 

25 


25 

25 

9 , ; 

25 

21 

15 

25 

10 

22 

25 

2 

30 

25 

0 


The results which appear in table 7 show that the blight organism was 
killed in drops of exudate exposed to sunlight for a period of 30 hours. 
On the trees, however, where the exudate is not exposed to direct sunlight, 
the organism can probably live for a much longer time. 

Exudate on cut twigs exposed to direct sunlight for two hours each day. 
On June 19, 1925, small twigs bearing abundant exudate were eolleeted. 
After the leaf -blades had been cut off, these twigs were kept in wire baskets 
so that they were exposed to direct sunlight for only two hours each day. 
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After intervals of 7, 15, 25, and 35 days, cultures were made, each time 
from 25 drops of this exudate, and the pathogenicity tested as in the pre- 
ceding experiment. Positive results were obtained after 7 and 15 days, 
but not after 25 and 35 days. 

Exudate kept in wax paper Eags. During July, 1924, large drops of 
exudate were collected, placed in wax paper bags, and kept in the labor- 
atory, Nine months later the residues from these drops were cultured in 
broth, and the pathogenicity of these cultures tested. In no case was blight 
produced. 

On May 19 and June 18, 1925, petioles bearing drops of exudate were 
placed in wax paper bags and pinned on the wall of the field laboratory so 
that they were open to the air but not in the direct sunlight. From time 
to time drops of this exudate were cultured and the pathogenicity of these 
cultures tested. Tests made 7, 20, 31, 40, 49, and 65 days after collection 
showed that the exudate still contained B. aniylovorus in a viable condition. 
Lack of material prevented the tests being carried on for longer periods. 

MODES OP DISSEMINATION OP THE CAUSAL ORGANISM 

Though much woih has been done on the modes of dissemination of 
B. amylovo7'us, additional studies of certain aspects of dissemination seemed 
desirable. 

Meteoric water. Direct proof that rain is an active agent in the spread 
of fire-blight was first obtained by Gossard and Walton (17) in a series of 
experiments which were so controlled that rain was the only possible agency 
through which blight might be spread to the branches of the apple trees 
used for these tests. Stevens et al (34) conclude that the blight organism 
may be spread to a marked degree by the wind. Faulwetter (13) has 
demonstrated the manner in which ^ act enim malvaceanmi may be dis- 
seminated by means of wind-blown rain, and suggests the possibility of 
other bacterial diseases of plants being spread in a similar manner (14). 

In the present work, the part that meteoric water might play in the 
spread of blight was studied along two lines: (a) by observations in the 
orchards and (b) by infection experiments. 

Owing to the very light infection of blight in the Weston Orchards 
during the season of 1924, no data could be secured upon this phase of the 
problem. However, observations made in the Kickapoo Orchards during 
the early development of blight in April and May of 1925 brought out the 
importance of rain as a factor in the spread of the disease. Even before 
much pink of the petals had been exposed in the blossom clusters, consider- 
able blight had appeared on the young growing shoots, which at that time 
were from t /2 to 1% inches long. Upon close observation it was found that 
these infected shoots formed cone-shaped areas in the trees, and at the apices 
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of these cones were found actively exuding holdover cankers or twigs. Until 
about May 13, these infection cones could easily be traced to their sources 
of inoculum. Later they were partially obscured by the development of 
blossom blight. However, even some of the early blossom blight was found 
to be due to inoculum which was carried down by rain from exuding twigs 
above the blossom clusters. 

Experiments were performed in order to determine whether infection 
from rain-borne inoculum could take place and under what conditions it 
would occur. The results indicate that rain can, under certain conditions, 
play an important part in the spread of blight. Dissemination of the blight 
organism over the individual tree, and to a limited extent from tree to tree, 
can be brought about by rain or heavy dews. 

Insects. Ever since Waite (41) showed the relation of the honey bee to 
the spread of blossom blight, and Stewart (36, 37, 38) found that twig 
blight is spread through the agency of sucking insects, much interest has 
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Pig. 1. — ^Graphic summary of seasonal development and meteorological data, Gays 
Mills, Wxs., mi 

The meteorological data were taken in the experimental orchards by means of a 
hygrothermograph housed in a standard instrument shelter and a rain and snow guage 
of the type used by the XT. B. Weather Bureau. 

The length of eurrent yearns twigs is based on averages of records taken on fifty 
terminal shoots of each variety, representatively located on several trees. 

The records on length of incubation period are based on puncture inoculations 
of eurrent yearns twigs of Pameuse and Wealthy. 
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been attaclied to insects as disseminators of fireblight. The list of offenders 
is a long one. Bnrrill (4) proved that aphids and leaf hoppers spread twig 
blight. B. J. Jones (23) listed many blight-disseminating insects, from 
flies to click beetles. D. H. Jones (25) showed the importance of the friiit- 
bark-boring beetle. Merrill (27, 28) further demonstrated that aphids are 
responsible for the spread of fireblight. 

During the present work attention was given only to those insects which 
appeared in large numbers in the experimental orchards. In addition to the 
bees, the other important insects in disseminating blight were grain aphids, 
apple aphids, and leaf hoppers. In 1925 experimental and obser\mtional 
work was carried on with these two species of aphids and observations were 
made upon leaf hoppers to determine the extent to which these insects are 
responsible for the spread of twig blight. The results of this work, which 
appear below, accord with those reported by Burrill (4). 

During the last week in April, 1925, the grain aphid, Aphis avenae Fab,, 
was plentiful upon the apple trees. They not only covered the tips of the 
young growing shoots, but also travelled from |)lace to place in the trees, 
crawling up and down the large branches and also upon the trunks. In 
their wanderings they traveled over exuding cankers and were observed 
many times to be caught in the bacterial exudate, In several instances the 
aphids were seen at the edge of the drops of exudate feeding upon it. It 
was noticed that the aphids feeding upon the drops of exudate remained 
there for several hours, but finally left it and went to other parts of the 
trees. Thus it is readily possible that aphids becoming contaminated in 
this way may bring about initial infection of spurs and twigs in the early 
spring. Examination of some of the blossoms just before they opened 
showed that aphids were present not only on the outside of the petals, 
calyces, and pedicels, but also inside the blossoms on the petals, filaments, 
styles, stigmata, and in the nectar. Since the aphids were found on exud- 
ing cankers and in the nectar of blossoms, it is possible that some of the 
initial infection of blossoms is brought about as a result of aphid-borne in- 
oculum even before the blossoms are fully opened. 

The results of the following experiment further strengthen the evidence 
that A. avenm can spread blight. On May 8, 10 young twigs of a Pameuse 
tree the tips of which were covered with A. avenae were inoculated with a 
suspension of B. amylovorus by means of a fine hypodermic needle. The 
inoculations were made about one inch below the tips at a point below the 
lowest feeding aphid. When the first symptoms of blight appeared, the 
twigs were cut off and the aphids transferred by means of camel-hair 
brushes to healthy twigs which had been enclosed in parchment paper bags 
for a sufficient period to ensure their being free from blight. Portly aphids 
were transferred from each of the ten twigs to healthy twigs, twenty aphids 
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to eaeli twig. These healthy twigs bearing the aphids were then enclosed 
in celluloid cylinders as a protection against natural infection and also to 
protect the aphids against predatory insects, and were observed every day. 
■Within 14 days all 20 of the twigs had blighted. As the twigs upon which 
the aphids are feeding become wilted from blight, the aphids commonly 
leave them and go to other young healthy shoots. This habit favors dis- 
semination of twig blight. 

An experiment similar to the above was performed on June 4. Five 
water sprouts of a Hyslop tree, the tips of which were covered with Aphis 
pomi De Geer, were inoculated by means of a hypodermic needle with a 
suspension of the blight organism as in the preceding experiment. As soon 
as the first symptoms of blight appeared, the twigs were cut off and the 
aphids transferred to healthy, blight-free water sprouts on 'Wealthy apple 
trees. These sprouts were enclosed in celluloid cylinders, and by June 20 
all of them were blighted. 

From the middle of June, 1925, to the middle of July, leaf hoppers 
were abundant on the apple trees. They caused the characteristic hopper 
injury to the leaves : the curling under and yellowing of the edges and a 
light brown specking of the under sides of the veins due to their feeding 
punctures. As blight appeared during this period, it was noticed in many 
cases that the disease first developed in the midribs of the leaves and from 
there proceeded down through the petiole into the twigs. From these obser- 
vations it would appear that leaf hoppers are either capable of directly 
spreading blight or of so puncturing the leaves that infection may take 
place by means of rain-borne inoculum. 

In Wisconsin, aphids and leaf hoppers appear to be the more important 
insects in the spread of t^dg blight. Click beetles do not occur in suffi- 
ciently large numbers to make them the menace they seem to be in Cali- 
fornia orchards (23) or in Oregon (8). The tarnished plant bug does not 
seem to be as plentiful in Wisconsin as it is in New York (36). 

INFECTION STUDIES 

Mode of entrance of causal organism. It is generally accepted that fire- 
blight infection of apple may take place through the nectaries of blossoms, 
but whether or not inf ection can take place through other natural openings, 
such as stomata and hydathodes of leaves, is still an open question. It was 
earlier thought that the blight organism gained entrance into leaves and 
twigs only through wounds, but in 1915 Heald (19) reported that prob- 
ably stomatal and hydathodal infection takes place. In order to deter- 
mine whether or not stomatal infection occurs under Wisconsin conditions, 
the following experiments were conducted. 
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The experiments of 1924 were performed in the orchard upon young 
Wealthy apple twigs which were apparently iininjuredj although no attempt 
had been made to protect them previous to the time of inoculation. It was 
realized that, in this case, negative results as to stomata! infection would be 
valid, while positive results would not necessarily prove that stomata! in- 
fection had occurred, because there may have been microscopic injuries in 
twigs and leaves used. On June 30, a cloudy day, the upper and lower 
surfaces of the leaves on 30 young growing twigs were sprayed with a 
48-hour-old broth culture of B. amylovonis diluted one-half with sterile 
distilled water. Ten of the twigs were enclosed in celluloid cylinders while 
the others were left exposed. By July 8 the apical leaf on each of five of 
the exposed twigs was blighted, but was not spotted as might be expected 
had stomatal infection taken place. When the final results were taken on 
July 23 no other twigs had developed blight. 

On the evening of July 3 the leaves on 20 twigs similar to the above 
were inoculated in the manner just described, and none of them were en- 
closed. On July 12 the only blight evident was on the apical leaf of one 
twig. 

Early in the morning of July 10, while wet with dew, the leaves of 40 
twigs were inoculated as described above, and all the twigs were enclosed in 
heavy maiiila paper bags. The leaves of the twigs \ised had all expanded, 
but the terminal leaves were still immature. By July 23 none of these twigs 
had blighted. 

During the winter of 1924-25 experiments were performed in the green- 
houses in which potted trees were subjected to various environmental con- 
ditions before and after spraying the leaves with suspensions of the Might 
organism in an attempt to secure stomatal infection. 

On March 9 the upper and lower surfaces of the leaves of four twigs on 
each of eight Wealthy trees which had been kept at approximately 70° F. 
were sprayed with a suspension of B, amylovorus. After inoculation the 
trees ivere kept in a moist chamber at 65-75° F. for 24 hours. They were 
then placed in the controlled temperature houses, two trees at each of the 
following temperatures: 50, 60, 70, and 80° F. The trees in the 70° and 
80° F. houses did not develop blight. The tip of the youngest leaf on each 
of two twigs on trees kept at 50° F. and the youngest leaf on one twig of a 
tree kept at 60° F. became browned, and at 50° F. exudate formed on the 
petioles of the discolored leaves. In no case, however, was there definite 
indication of stomatal infection. The small percentage of infection which 
did take place may well have been due to microscopic wounds in the young 
leaves. 

On March 16 a similar experiment was performed, using the leave.s on 
two twigs of each of four trees. After inoculation and 24 hours in the the 
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moist chamber at 67" P., two trees were placed in the 60° P, house and two 
in the 70° P. honse« None of the twig’s developed blight 

In the next two ex|)eriments the trees were placed in the moist chamber 
at 65-75° P. for 36 hours before inoculation and for 24 hours after iiioeu- 
latioUj in an attempt to have the stomata wide open and the substomatal 
cavities and iiitercellular spaces filled with moisture. 

On March 11 three small Bartlett pear trees were taken from the moist 
chamber, and the upper, and lower surfaces of the leaves of four twigs on 
each tree were sjorayed with a suspension of B, amylovoriis. The trees 
were replaced in the moist chamber for 24 hours, and then one tree was 
placed in each of the controlled temperature houses which ran at 60, 70, and 
80° P., respectively. After five days the tips of the twigs on the trees kept 
at 60 and 70° P, showed slight browning, which later worked downward 
until the entire twigs were blighted. At 80° P. blighting did not occur so 
rapidly. 

On March 11 an experiment parallel to the previous one was performed, 
using six Wealthy apple trees. The leaves on two twigs of each tree were 
inoculated and treated as described above, and two of the trees were placed 
in each of the controlled temperature houses at 50, 60, and 70° P. None 
of the leaves developed blight. 

During the next growing season these experiments were resumed in the 
experimental orchard. The varieties used were Pameuse and Wealthy. 
Broth cultures of B, amylovorus diluted with water were sprayed only on 
the leaves of young twigs. Inoculations were made early in the morning, 
late in the evening, or on cloudy days, in the hope of catching the stomata 
when they were wide open. Before the time of inoculation about 50 per 
cent of the twigs used had been protected from natural infection by parch- 
ment paper bags. This method of protection was not always satisfactory 
because of the browning which took place at points where the leaves touched 
the paper. Consequently, half of the twigs chosen for the experiments 
had been unprotected previous to inoculation. They were, however, twigs 
which had grown rapidly during a rainy period in June and were appar- 
ently comparatively free from injury. Inoculations were made on May 20, 
23, 27, 29, and June 2, 4, 12, and 15. After inoculations some of the twigs 
were enclosed in celluloid eylindei^s or paper bags, while some were left 
exposed. A summarj^ of the results of these experiments is given in table 8. 

None of the twigs which were protected from natural infection blighted; 
and of those not protected, eight twigs became completely blighted and 
seven had merely the tip leaves blighted. In no case was there evidence of 
stomatal infection. 

In the above experiments the entire surfaces of the leaves were sprayed 
with the suspensions of the organism, but in the following tests the inoculum 
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was applied to small areas of the leaf surface in an attempt to minimize 
possible confusion incident to penetration of the organism through wounds. 
Circles % inch in diameter were painted on the lower surfaces of leaves 
with India ink and a camel-hair brush. A drop of the suspension of B. 
amylovonis was applied to the center of each circle by means of a cameh 
hair brush. Four or five of the youngest leaves on each twig were used. 
The inoculations were made on June 11, a cloudy day followed by another 
cloudy day with high humidity and two inches of rainfall. The twigs were 
observed daily but no blight developed. In view of the negative results of 
these and the preceding experiments it seems safe to conclude that under 
Wisconsin conditions stomata! infection does not commonly oceui\ 

TABLE 8. — Mesults of experments on stomatal infection of apple leaves hy B. 
amylovorus, Gays Mills, Wis., 19^5 


Kesults on twigs wliicli received stated treameiits after inoeiilatioii 


Variety 

In celluloid 

cylinders 

In paper bags 

Exposed 

No. 

inoculated 

No. 

blighted 

No. 

inoculated 

No. 

blighted 

No. 

inoculated 

. 

No. 

blighted 

Fameuse 

26 

0 

28 

0 

68 

7 

Wealthy 

22 

0 

1 

' ^ 

0 

40 

8 


If stomatal infection does not take place, then to what extent must a 
leaf or stein be injured in order that rain-borne blight organisms may gain 
entrance and produce the disease, and for how long a time do these wounds 
remain active as infection courts? 

. In the Weston Orchards during the 1924 season it was observed that 
many of the leaves on the trees were injured by strong winds. There was 
the possibility that these injuries served as avenues of entrance for rain- 
borne inoculum. The following experiments were performed in an attempt 
to determine to what extent this was true. 

Late ill the afternoon of June 30, thirty twigs with naturally injured 
leaves were sprayed with a suspension of B, amylovonis and then covered 
with paper bags. By July 11 three of these twigs were blighted. 

A similar inoculation of the leaves of 30 other twigs was made on July 
11. The twigs were enclosed in paper bags after inoculation. Results taken 
July 26 showed that blight had developed in 10 of the twigs. These two 
experiments show that the blight organism may gain entrance into twigs 
through the wounds in leaves. 

On July 6 the leaves on 30 twigs were stabbed with sterile scalpels so 
that the wounds were made thi^ough the inteiwenal areas and also thi^ough 
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some of tlie larger lateral veins. Immediately after wounding, the leaves 
were sprayed with a suspension of B. aMylovorus and then covered with 
paper bags. Eesnlts taken July 18 showed that 27 of the twigs had blighted. 
From this experiment it was evident that fresh wounds on leaves may serve 
excellently as avenues of entrance for the blight organism. The next ex- 
peiinxents were conducted to determine how long wounds serve as infec- 
tion coiiids. 

During the winter of 1924^25 experiments were conducted in the green- 
house. On March 10 the leaves of three twigs on each of six Transcendent 
trees were slit with sterile scalpels, cutting through the lateral veins. At 
intervals of 0, 2, 4, 8, 16, 24, 36, and 48 hours after injury, the leaves of 
two twigs were sprayed with suspensions of the blight organism. Each time 
the unsprayed twigs were carefully protected from the spray. After in- 
oculation the twigs were enclosed in wax paper bags containing small wads 
of moist cotton. The results showed that blighting occurred in the twigs 
inoculated 0, 2, 4, 8, 16, 24, and 36 hours after injury, but not in the twigs 
inoculated 48 hours after injury. 

On March 15 a similar experiment was performed, the inoculations 
being made 36, 48, 60, and 72 hours after injury to the leaves. Blight 
developed in the twigs inoculated 36 hours after injury, hut not in those 
inoculated 48, 60, and 72 hours after injury. 

On March 17 an experiment similar to the above was performed, using 
Wealthy apple trees. The results likewise showed that, up to 36 hours after 
injuiy to the leaves, the wounds served as infection courts for the fire- 
blight organism, but at the end of 48 and 60 hours these wounds were 
so changed that the organism did not gain entrance. 

During May, two sets of the same type of experiment as the above were 
conducted in the orchard on Fameuse trees. The results showed that, after 
30 hours, the wounds in the leaves no longer served as avenues of entrance 
for the blight organisms. 

In the above experiments the larger veins of the leaves were injured, 
but in the following experiments the wounds were so made with the point 
of a scalpel or needle that none of the larger veins were injured. 

On July 13, 1924, the laminas of the leaves on 30 twigs on Wealthy trees 
were punctured by needles so that none of the veins were injured. Im- 
mediately after injury the leaves were sprayed with a suspension of B, 
mnylovoniB mdi then enclosed in paper bags. By July 29 only one of the 
twigs was blighted. 

On May 20, 1925, a similar experiment was performed, using the leaves 
on 25 twigs of Fameuse. No blight developed in any of the twigs. 

Two further sets of this same type of experiment were conducted during 
Jttne, 1925, upon the leaves of 25 twigs of Wealthy and 17 twigs of Fameuse. 



1926 ] 


Brooks: Fibeblight op Apple 


685 


Blight did not develop in the Wealthy twigs but did develop in one twig of 
Fameuse. This latter case may have been due to natural infection, since 
the Fameuse twigs were not protected previous to inoculation. 

The results of the foregoing experiments tend to show that infection of 
leaves takes place more readily, if not exclusively, through wounds in the 
veins, and to a less extent, if at all, through wounds in the interveiial areas. 
Furthermore, these wounds in the leaves soon become altered in some way, 
possibly merely by drying out, so that they no longer serve as infection 
courts for B, amylovorus. In nature, of course, leaf infection very com- 
monly results from passage of the blight organism from the subtending twig 
through the petiole. 

Studies similar to the above were made upon injuries to stems of grow- 
ing shoots. On July 14, 1924, the stems of 15 growing shoots of Wealthy 
apples were injured by pricking with fine sterile needles and immediately 
after injury were sprayed with a suspension of the blight organism and 
then enclosed in paper bags. By July 31 all of the twigs had blighted. 

On May 27, 1925, the stems of 84 shoots of Fameuse were punctured each 
20 times with fine sterile needles. At intervals of 0, 2, 4, 8, 19, 30, and 52 
hours after injury, 12 of the stems w^ere sprayed with a suspension of the 
blight organism. By July 16 all 84 of the twigs had blighted. 

On June 4, 1925, the stems of 72 shoots of Fameuse were injured as 
described above ; and at intervals of 48, 60, 72, and 84 hours after injxiry, 
18 of the stems were sprayed with suspensions of B. amyl(worus. By June 
22 the twigs inoculated 48, 60, and 72 hours after injury had developed 
blight, but those inoculated 84 hours after injury had not. 

On June 12 the stems of 100 twigs of Fameuse were punctured as in 
the preceding experiment,* and at intervals of 24, 34, 44, 54, and 74 hours 
after injury, 20 of the twigs were sprayed with a suspension of the blight 
organism. By July 8 most of the twigs had developed blight, except those 
inoculated 74 hours after injury, of which only three had blighted. 

The results of these experiments upon stem injury show that the wounds 
in the stems serve as points of entrance for the fireblight organism, but 
within approximately 74 hours after injury the wounds become so altered 
that they no longer serve as infection courts. 

Fckciors influencing infection. That different varieties of apple vary in 
their resistance to fireblight has been observed by other workers. Among 
those who have published lists of varieties classified according to the sus- 
ceptibility or resistance to blight are Anderson (2), Cate (8), Chambers 
(9), Green et al, (18), Hedrick and Howe (20), Hewitt (21), Norton (29) 
Stewart (35), Swingle (39), aaid Whetzel (43). 

During the two year period, 1923-25, the relative susceptibility or resist- 
ance to fireblight of the different varieties of apple grown on a commercial 
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scale ill Wisconsin, was observed. In the following list these varieties are 
arranged according to their apparent snsceptibility to* blight under the 
condition>s observed. 

I. Very susceptible : liyslop, Transcendent, Yellow Transparent, Mc- 
Mahon, Pameuse, and Wealthy. 

II. Moderately susceptible : Tolman Siveet, Black Ben Davis, Jonathan, 
and Salome. 

III. Moderately resistant: McIntosh, Duchess of Oldenburg, Grimes, 
Orange Winter, Wolf Biver, Whitney, and Stayman Winesap. 

IV. Resistant; Ben Davis, Charlemofl, Delicious, Dudley, Northivestern 
Greening, and Tetofsky. 

The Hyslop and Transcendent were the ivorst blighters observed. Large 
body cankers were found on trees of these varieties. Wealthy, one of the 
most widely planted varieties in Wisconsin, is very susceptible tO' twig 
blight, as is also the Pameuse. Dudley, in most cases, appeared to be fairly 
resistant. McIntosh had a small amount of twig blight which did not run 
down into the larger branches. Some spur blight resulting in the forma- 
tion of small cankers appeared on the Duchess, but practically no twig blight 
or overwintering of the organism occurred on this variety. Delicious, 
Northwestern Greening, and Tetofsky seemed to be the most resistant of the 
varieties observed. 

The exact nature of resistance of plants to fireblight has not been defined. 
It has, however, long been a matter of observation and record that plants 
in a high state of vegetative vigor are more susceptible to this disease than 

TABLE 9 , — The relation of humidity and the condition of growth of the host plant to 
ftrehlight dev elopmentf Madison, Wi-s., 19^5 


1 

1 


Development of blight 


Relative 

, In twigs with excessive growth 

In twigs with 

ordinary growth 

humidity | 
in per cent ^ 

Average length 
of blighted 
area 

Average daily | 
increase in 
length of 
blighted area 

Average length 
of blighted 
area 

Average daily 
increase in 
length of 
blighted area 

Series I 

Inches 

Inches 

Inches 

Inches 

50 

6 ' 

0.42 

2 

0.18 

80 

11 

1.00 

' 5 ■ ■ ■ 

0.42 

95 

9 

0.82 

, 4 

■ ' { 

0.36 

Series II 

50 

'2 ' ■ 

0.29 

■ 0.5 ■ 1 

0.07 

80 

■ 4 

0.57 

. 1,3. ■ 1 

0.19 

. m- . 

8 

0.43 

' 1,0 

0.14 
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are tliose in low vigor. Greenhouse experiments substantiate these observa- 
tions. Potted plants which had been forced into a vigorous, succulent 
growth blighted much more severely than did unfertilized trees which were 
in a lower state of vegetative vigor (Table 9). 

In order to determine what influence temperature and humidity have 
upon the development of blight, the following experiments were performed. 
The methods of procedure with the controlled temperature experiments and 
those for the controlled humidity experiments have been explained above. 
Prom the results, which are given in table 9, it appears that blight develops 
more rapidly at the higher humidities, 80 per cent being slightly more favor- 
able than 95 per cent. It also appears that the trees which had excessive 
succulent growth developed much more blight than did those which had 
not received the special fertilization treatment. 

Series I of the temperature experiments reported in table 10 was con- 
ducted in the large controlled temperature greenhouses. The temperatures 
varied as much as two degrees from those given in the table. Series II was 
conducted in the small controlled temperature chambers Avhere the temi^era- 
tures did not vary more than one degree from those given. Prom these 
results it appears that the optimum temperature for the development of 
fireblight lies somewhere between 21® and 28° C. (70° and 82° P.) . 

SEASONAL DEVELOPMENT STUDIES 

A summary of the records pertaining to the development of fireblight 
and of the apple plant for the season 1925 is given in figure 1, where they 
are correlated with certain meteorological data. 

It will be observed that periods of exudate production were more 
dependent upon external environmental factors in the latter part of the 
season than they were early in the season. It may be that during the early 
part of the season the condition of the host is such that exudation will take 
place under a much wider range of external conditions than is the ease later, 
when periods of high humidity, fairly high temperatures, cloudy days, and 
sufficient rainfall are necessary. 

In 1925 the blighting of shoots occurred even before the appearance of 
blossom blight. In May, Pameuse had more twig blight than did Wealthy, 
but by the middle of June the situation was reversed, twig blight in the 
Pameuse being of small consequence while in the Wealthy it had occurred 
in epidemic form. This condition may be partly explained by the fact that 
the Wealthy had a much heavier bloom than did the Pameuse, and conse- 
quently, blight w^as more widely disseminated through the Wealthy blossoms 
which then served as foci for further infection of the rapidly growing twigs. 
Prom July 16 to August 4 there was little extension of blight in the twigs 
and but little new infection. After August 4 fireblight was apparently 
inactive. 
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Maeroseopic symptoms of blossom blight did not appear until 13 days 
after the beginning of the blossoming period. The interval between the 
appearance of blossom blight on the Fameuse and on the Wealthy was about 
equal to the interval between the start of the blooming periods of the two 
varieties. 

Artificial inoculations were made at frequent intervals to determine the 
incubation periods for twig blight throughout the season. The incubarion 
periods of the earlier infections averaged about 13 days. As the season 
progressed they gradually shortened to a minimum of about 5 days during 
June, and then lengthened to a maximum of about 15 days in early August. 
This process, however, Avas not regular ,■ there was considerable variation in 
the period of incubation without relation to the stage of the season. Incu- 
bation was hastened during periods of high humidity, rainfall, and fairly 
high temperature. 

DEVELOPMENT OP EPIDEMICS 

In Wisconsin, fireblight appears to some extent each year and frequently 
in epidemic form. In a given season it may be mild in its attack in one 
locality and severe in another. The direct loss to the apple growers is great 
only during epidemic outbreaks. It is important, therefore, to define as 
clearly as possible the chief factors which influence the development of 
epidemics. From the results of other investigators and those herein re- 
ported it appears that most of these factors center about weather conditions, 
disseminators of the disease, and the variety and condition of the host plant. 

The present -work has shown that the disease develops best at tempera- 
tures of about 65° to 85° F., and that epidemics are favored when such 
temperatures are accompanied by rains or high humidity. Rain, in addi- 
tion to increasing the susceptibility of the plants by causing succulent 
growth, is also a direct disseminator of blight. 

Since certain insects play a very important role in the spread of fire- 
blight, the more numerous they are in the orchard the greater the chances 
for a blight epidemic. While the honey bee is perhaps the most important 
disseminator of blight, its work as a pollinating insect is indispensable in 
most apple orchards, since most commercial varieties of apple are self- 
sterile. The sucking insects, in addition to being able directly to transfer 
the blight organism from infected to healthy apple tissues, also wound the 
young growing parts so that the rain-borne inoeuhm can gain entrance. 

Serious outbreaks of fireblight have frequently been occasioned through 
spread of the organism by careless use of pruning tools, or by inducing ex- 
cessive growth of the host plant by injudicious pruning. 

The susceptibility or resistance of the variety of apple has much to do 
with the overwintering of the blight organism and the subsequent develop- 
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ment of epidemics. "Witliin a variety the condition of the host plant has an 
important influence on the extent to which blight will develop. Succulent 
Qfrowth is readily blighted, whereas a woodier growth is less easily invaded. 
Furthermore, from observations made over a period of three years, it ap- 
pears that in Wisconsin epidemic outbreaks usually occur during the years 
of heavy bloom. The heavier the bloom, the greater are the chances for 
blossom blight to occur. • 

STUDIES OP METHODS OP CONTROL 

Experiments on control measures were performed in the orchards along 
two lines: (a) the removal or treatment of blighted parts and (b) spraying 
for the control of insects which disseminate the disease. In 1924 the work 
was carried on in the Weston Orchards upon Wealthy, and in 1925 in the 
Kickapoo Orchards upon Wealthy and Pameuse. The trees were from 9 
to 13 years old. The experimental plots contained from 75 to 300 trees 
each. Adequate check plots were left at various points in the orchards. 
These controls received no special treatment other than the regular lime- 
sulfur and lead arsenate sprays which were applied to the entire orchard 
for the control of apple scab. 

Excision of hlighted parts over small areas. During the first week in 
April, 1924, all of the blighted twigs and cankers were excised from 75 
Wealthy apple trees in the Weston Orchards. The cuts were made 8 to 
12 inches below the lo'west evidence of blight. The tools and wonnds were 
disinfected with Reimer's solution^ and the larger wounds were covered 
with tree paint. When blight developed in the orchard during June, this 
plot showed very little disease; whereas in the check plots the blighting, 
though moderate, was about sixteen times as abundant. The following year, 
when blight appeared in epidemic form, this plot was practically free from 
the disease. The value of these data, however, is limited by the unusual 
sparseness of blight throughout the orchard in 1924. Furthermore, the 
apparently beneficial results noted in 1925 may have been due not only to 
the removal of blighted material hut also to the fact that the trees in the 
plot thus treated did not bloom very heavily the second year. 

During the first week in May, 1925, all blighted twigs and cankers were 
removed from a plot of 90 trees of Wealthy and Fameuse in the Kickapoo 
Orchards. On May 25, after blight had developed in that part of the 
orchard, a count showed that the disease had developed in five trees in the 
plot where excision was practiced, as compared with ten trees in the ad- 
jacent check plot. Later, however, after blossom blight had had a chance 
to appear, the amount of blight in the two plots wm practically the same. 

2 One gram of mereuric chloride and one gram of mercuric cyanide in 1,000 cubic 
centimeters of water, as recommended through correspondence by Prof. P. G. Beimer. 
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This tends to indicate that the cutting out of blight in small areas may be 
effective in reducing the amount of the disease early in the sesaon, but that, 
with the opening of blossoms, blight may become so widely spread through- 
out the orchard by pollinating insects that the difference is obliterated. 

Since it was found that many of the small blighted twigs may overwinter 
the organism and in some instances serve as more important sources of in- 
oculum for initial infection than the larger cankers, on one plot only the 
blighted twigs were cut out, the cankers being left undisturbed. Observa- 
tion, later, shoAved that activity of the organism had been resumed before 
the tAvigs were remoA^ed, and, as a result, infection had taken place in the 
twigs beloAA^ Consequently the results of this test Avere invalidated. This 
observation emphasizes the importance of early action when excision is em- 
ployed. The Avork should be done either in the fall or well in advance of 
the opening of the apple buds. 

Treatment of active ea/nkers. In the spring of 1925, Avhen an abundant 
supply of active cankers Avas available, different methods of treatment w’^ere 
applied to them. A sufficient number Avere left untreated to serve as checks. 
Notes Avere read only at times A\’^hen the check cankers were actively exuding. 

An aqueous solution of zinc chloride (20 per cent by aa' eight) was painted 
over 25 cankers without removing the epidermis. This was twice the con- 
centration suggested by Day (11) . Three of these treated cankers were still 
acth^e AA^hen examined one month later. One of the cankers of this series 
shoAved a clear amber exudate AA^hich tested negatively for the presence 
of B. wmylovorus. These 25 cankers Avere on branches 1% to- 3 inches in 
diameter. In 13 cases, that part of the branch beyond the canker died after 
treatment. 

In 25 cases the epidermis Avas scraped off' with a sharp knife, not only 
from the cankers but also from the bark 3 to 4 inches beyond their margins. 
The wounds A\^ere painted Avith the folloAving solution: 1 gm. mercuric 
chloride, 1 gm. mercuric cyanide, 500 cc. glycerine, 250 ec. 95 per cent 
alcohol, and 250 cc. Avater. Two cankers shoAved activity after treatment, 
due to the treatment not having included enough of the apparently healthy 
bark adjacent to the cankers. In only five cases did the part of the branch 
beyond the canker die under this treatment. 

The epidermis was removed from 10 cankers including 8 inches above 
and below the cankers and 2 inches on each side. The wonnds were painted 
with a mixture of earbol-fuchsin and gentian violet Avhich, according to a 
report of a paper by Churchman (1), inhibits the reproduction of bacteria. 
None of the cankers so treated became active, and in only one ease did the 
part of the branch beyond the canker die after treatment. 

Briefly, the advantages of the last tAvo methods reported above are that 
the actmty of the bacteria was checked and but little time was required to 
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treat the cankers. The disadvantage is that much plant surface is left 
exposed to drying and to bark- and wood-rotting fungi. More work will 
have to be done upon these methods before they can be recommended for 
orchard practice. 

Insect control. In the experimental orchards the chewing insects were 
combatted, as a part of the standard practice for the entire orchard, by the 
use of lead arsenate in the lime-sulfur sprays for scab. 

On May 3, 1924, as the buds were bursting, three plots of 250 Wealthy 
trees each 'were treated with a miscible oil spray of a concentration of 1 
gallon to 15 gallons of water. Good control of aphids was secured, and up 
to July 5 no blight had appeared on these plots. After that date a slight 
amount of blight appeared, carried in, most probably, by leaf hoppers from 
infected trees in the adjacent plots. 

To control aphids further, nicotine sulfate spray (1 pint of a com- 
mercial nicotine sulphate solution to 100 gallons of water) containing soap 
or calcium casemate as a spreader was applied to other plots as soon 
as the Aveather was warm enough to make the spray effective. On May 26, 
1924, this spray was applied to 600 Wealthy trees, but the amount of blight 
in this plot in early June was about the same as that in the check plots. 
The spray had been applied too late to affect early blight infection. 

The following year the aphids hatched out early in April (April 7-15), 
and a nicotine sulfate spray of the same concentration as in 1924 was ap- 
plied to two plots of 240 trees each (120 Fameuse and 120 Wealthy) on 
April 14, Avhen the temperature was well above 70° F. Another applica- 
tion of the spray Avas necessary on May 13, at which time the temperature 
reached 72° F. On May 25 there Avas an aA’^erage of 0.7 blighted tAvigs per 
tree in the sprayed plots as compared Avith an average of 2.2 blighted tAAUgs 
per tree in the check plots. Later, after blossom blight had appeared, the 
amount of blight in the sprayed and unsprayed plots wms about the same. 

From these results it appears that control of aphids reduces the chances 
of blight development early in the season before blossoming time. When 
there is a light bloom on the trees, control of aphids Avould probably do 
much to control blight in a given orchard even though neighboring orch- 
ards were infected. If the bloom is heavy, however, a blight epidemic 
may be started by the inoculum brought in from neighboring sources by 
pollinating insects. In such cases it seems necessary, if practicable, to 
remove the sources of inoculum from large areas. 

In vieAV of the fact that the greatest dissemination of blossom blight 
commonly occurs during the latter part of the blooming period, it was 
thought AAmrth while to try to limit the spread of this phase of the disease 
through the use of bee-repellent sprays after sufficient pollination had been 
accomplishecl Preliminary tests, however, showed that the material se- 
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lected for this purpose, a commercial repellent, failed to repel bees for more 
than a few mimites. 

The present status of knowledge of flreblight does not appear to -war- 
rant confident recommendations of a satisfactory, practical method for the 
control of this disease under such climatic, cultural, and economic condi- 
tions as exist in Wisconsin. The most promising lines of attack appear to 
be timely excision of the blighted parts, insect control, and care in the 
selection of varieties and in cultural practice. The extent to -which each 
of these methods is practical will vary with local conditions and remains 
to be determined by further investigation. 

SUMMARY 

Overwintering of i?. amylovorus on api)le in Wisconsin was found to 
occur in association with blighted twigs and cankers in the apparently 
healthy tissues adjacent to the dead areas. The organism -was isolated from 
the tissues as far as one inch from the margins of dormant cankers. From 
2.5 to 11 per cent of the cankers and 0.6 to 2,5 per cent of the blighted twigs 
studied in the spring of 1925 oveiwvintered the organism. The size of twig 
does not limit overwintering since overwintering was found to occur in 
twigs as small as 3/16 inch in diameter. Ilyslop, Transcendent, Yellow 
Transparent, McMahon, Fameuse, and Wealthy are the more important of 
the Wisconsin commercial varieties of apple in overwintering blight. 

klost abundant production of bacterial exudate from blighted parts took 
place at temperatures between 65 and 85° F. and at relative humidities 
above 80 per cent. Alternate cloudy and sunny periods favored exudation. 

B, amylovo7'‘uSj when exposed in small drops of bacterial exudate to 
direct sunlight, was killed after an exposure of 22 hours. In drops of 
exudate kept in the laboratory in w^ax paper bags open to the air but pro- 
tected from direct sunlight, the organism remained viable for more than 
two months and less than nine. In small blighted twigs cut from the trees 
and exposed to direct sunlight for twovhours each day during June and 
July, the organism remained viable for 15 days but was dead at the end 
of 25 days. 

Fully 90 per cent of the twig infection early in the season of 1925 could 
be traced directly to water-borne inoculum from exuding holdover cankers 
and twigs. Kain plays an important part in the local spread of blight 
throughout the season. 

Aphis avenaCf A, pomi, and Empomca mali were observed to he the 
chief spreaders of twig blight in the experimental orchards. Aphids have 
been found feeding upon drops of exudate and also in the nectar of blos- 
soms and may therefore be a factor in the initial infection of blossoms. 


694 


Phytopathology 


[VoL. 16 


The nectaries of blossoms, and possibly the hydathodes of very young 
leaves, seem to be the only natural openings through which blight infec- 
tion of apple takes place. All attempts to secure stoniatal infection failed. 

Wounds furnish the ordinary avenue of entrance to the bacteria for 
leaf and twig infection. Fresh wounds in the veins of young leaves serve 
as infection courts for water-borne inoculuni. However, after some hours 
(36 to 48) these wounds no longer serve as points of entry for the blight 
organism. The same holds true for the wounds in stems except that these 
wounds may remain infection courts for as long as 72 hours. Pruning 
wounds on twigs may serve as avenues of entrance for 5, amylovorus even 
during cold weather. 

Of the varieties of apple grown on a commercial scale in Wisconsin, 
those more susceptible to blight are Yellow Transparent, McMahon, Pa- 
meuse, Wealthy, Transcendent, and Hyslop. Those showing a fair degree 
of resistance are Dudley, Duchess of Oldenburg, McIntosh, and Northwest- 
ern Greening. 

The state of vegetative vigor of the host is a factor in determining the 
rapidity and extent to which blight develops. Even the more resistant 
varieties of apple will blight severely if too heavily fertilized and culti- 
vated so as to produce an abnormal, succulent growth. It lias also- been 
noticed that blight epidemics tend to appear during the alternate years 
of heavy blossoming of the trees. 

Factors favoring the development of epidemics of fireblight are tem- 
peratures fimm 65 to 85° F., high humidities, cloudy weather, frequent 
showers, infestations of aphids and leaf hoppers, an abundance of bees 
and other pollinating insects, the presence of large numbers of trees of the 
more susceptible varieties, heavy blossoming of the trees, and vigorous 
vegetative growth. 

In the experimental plots the cutting out of blighted twigs and cankers 
over small areas during the dormant condition of the trees reduced the 
amount of blight developing early in the season ; but, later, blossom blight 
was spread throughout these plots by pollinating insects which carried the 
disease in from surrounding infected plots. 

Treatment of active cankers by merely painting them with a 20 per 
cent solution of zinc chloride was not satisfactory in checking their activ- 
ity. The scraping of the epidermis from active cankers and adjacent 
bark and the application to the wound of Reimer’s solution with the addi- 
tion of glycerine and alcohol gave comparatively good results. The appli- 
cation of a mixture of carbol-fnchsin and gentian violet to active cankers 
from which the epidermis had been scraped checked the activity of the 
organism. 
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Spraying for the control of certain insect disseminators of hliglit 
checked the spread of the disease early in the season. These beneficial 
resnlts disappeared, however, following the spread of blossom blight by 
pollinating insects. An attempt to mitigate this difficulty by using a bee- 
repellent spray after sufficient pollination had occurred was unsuccessful. 

Further studies of fireblight are in progress at the Wisconsin Agri- 
cultural Experiment Station. 

Department op Plant Pathology, 

University op Wisconsin. 
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THE INFLUENCE OF SOIL TEMPERATURE AND SOIL 
MOISTURE UPON WHITE ROT OP ALLIUM 

J . 0 . W A L K E R 

In a i^revions report (5) tlie appearance and distribution of the white 
rot disease of certain species of Allium {ScleroUum cepivorum Berk.) was 
discnssed. Its widespread occurrence in western Europe generally is 
known, while its recent development in the United States has become a mat- 
ter of immediate concern to the onion-growing industry. Prom a general 
survey of its distribution in Europe one is led to surmise that the disease 
is most destructive in the cooler portions of the growing season and that its 
progress is checked rather than enhanced by the warmer mid-summer 
weather. Likewise, it is of interest to note that the first establishment of 
the causal organism as a pathogen of economic significance in America was 
in eastern Virginia, where it attacked the winter-grown crop of multiplier 
onion. A third report of the disease in America was made in May, 1925, 
from Louisville, Kentucky (3). 

Because of the imminent danger of the establishment of this disease in 
other onion-growing sections of the country, the w^riter became interested 
in undertaking a laboratory study of the influence of certain soil environ- 
mental factors upon the disease. At first, attention was given to soil tem- 
perature and soil moisture, and this paper deals primarily with the results 
of those studies. 

A number of strains of ScleroUum cepivorum were collected. Most of 
them were isolated by the writer from collections made in Europe or from 
materials collected by others in America, Their several sources and the 
number by which they will be designated in this paper are as follows t 
No. 2, isolated from garlic collected in May, 1922, at Bafiolas, Catalonia, 
Spain; No, 3, isolated from onion collected in June, 1922, in Brittany; 
No‘. 4, isolated from onion collected in June, 1922, on the island of Ten- 
eriffe, Canaries; No. 5, isolated from onion collected in September, 1922, 
on the island of Overflakkee, Holland ; No. 6, isolated by H. H. Whetzel 
from multiplier onion or garlic collected at La Grange, Oregon; No. 7, for- 
warded by Professor Wlietzel, who obtained the culture from Dr. Pethy- 
bridge in Ireland; No. 8, culture from Professor Whetzel, who isolated it 
from infected onions sent him by A. D. Cotton, Kew, England ; No. 9, isolated 
from multiplier onion collected by Herbert Spencer, near Norfolk, Va. ; No. 
10, isolated from onion forwarded by W. D. Valleau from collections made 
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near Louisville, Kentucky. The>se strains behave very muck alike in their 
growth upon potato dextrose agar. The greatest aberration in macroscopic 
appearance was noted in strain No. 9 ■which produced an unusually pro- 
fuse aerial 'white mycelium which tended to obscure the sclerotia located 
upon the surface of the substrate. All of these strains, with the exception 
of No. 3, proved to be pathogenic to onion when introduced into soil in 
which the host plant was later grown. 

TEMPERATURE STUDIES 

The relation of temperature to growth of the cultures upon potato dex- 
trose agar was studied. The cardinal points for grcwth were found to be 
very nearly the same for all forms. Very slight growth occurred at 4-5° C., 
and it was usually not macrsoeopically visible within a fortnight. The most 
prompt development occurred between 20° and 24° C., and, on the basis of 
rate and amount of growth, the optimum was somewhere bet'ween these 
points. Although the rate diminished , as the temperature -was lowered, 
there was quite as much growth at 15° C. in a somewhat longer period. At 
27° G. growth was distinctly retarded; strain No. 6 was more tolerant to 
this temperature than any of the other strains. At 28.5-29.5° C. only 
very meager growth occurred in most of the .strains during a two-weeks 
period ; strain No. 4 did not grow at all. At 32-34° C. none of the strains 
grew. The maximum temperature for growth on potato dextrose agar 
therefore, was, in the neighborhood of 29° C., the minimum somewhere 
below 5° C. while the optimum was around 20° to 24° C. With the excep- 
tion of a slightly greater tolerance to higher temperatures by strain No. 6, 
the various cultures reacted quite similarly to the various temperatures. 
The results of a single experiment are illustrated in Plate XXX Y, A. 

The obviously important question is that of the relation of temperature 
to infection and to the progress of the disease. Since the subterranean 
parts of the host are the ones first subject to invasion, the soil temperature 
relation is one of primary interest. Because of the similarity of the strains 
in their temperature reactions on culture media, most of the further work 
was conducted with a single strain, No. 5 from Holland having been se- 
lected. The sclerotia from pure cultures were mixed with virgin soil and 
several crops of onions grown until it was certain that the soil was thor- 
oughly infested. Pot cultures were then started in galvanized iron cylin- 
drical pots which were held at various desired temperatures in Wisconsin 
temperature tanks. Onion seedlings, grown to the third or fourth leaf 
stage, or onion sets were then planted in the soil In certain cases bulbs 
or seedlings of other species of Allium as well were used in the experiment. 
The soil moisture in these series was adjusted so as to support good growth 
of the host and was kept reasonably eonstant by frequent weighing of the 
pots and replacement of lost water. 
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Crystal Wax Bermuda seedlings in wliich four true leaves had emerged, 
were used in the first experiment. These were transplanted to pots of 
inoculated soil, and a certain number were transferred to pots of uninocu- 
lated soil. They were then placed in tanks which were kept at various con- 
stant temperatures. The air temperature of the greenhouse varied from 
15° to 20° C. Although the temperatures of the water bath in the tanks 
varied less than one degree above or below the desired point, the soil at the 
surface of the pots, not being protected from the influence of the air tem- 
perature, varied somewhat more than this. The temperature of the sur- 
face inch of soil in the pots held at 14° C. therefore tended to run some- 
what higher than the remainder of the pot, while in the case of pots kept 
at temperatures above that of the air the surface soil tended to run some- 
what lower than the average for a given pot. Since the infection of the 
host takes place chiefly in the upper part of the pots, this error is to be 
considered in interpreting the final data. The disease appeared in the 14°, 
18°, and 22° C. tanks on or before the thirteenth day. The results at the 
end of 23 days and 40 days are given in table 1. 

The disease developed most rapidly at 14° and 18° C. At the end of 
the 40-day period all plants in these tanks were dead. At the two inter- 
mediate temperatures, 22° and 24° C., 50 per cent or less of the plants were 
affected, and not all of the diseased plants had succumbed at the end of 40 
days. At 26° and 30° C. no infection occurred. 

A second experiment of similar nature was conducted in which seed- 
lings of three varieties of onion were used. Since the tops of the pots were 
not protected, the discrepancy in temperature between the upper layer of 
soil and the remainder of the pot still obtained. The limits of variation 
were therefore recorded. The results at the end of 80 days are recorded in 
table 2. 

Infection proceeded equally well in each of the three varieties, but the 
infiuenee of temperature was again evident. The progress was greatest 
at the lower temperatures, as in the previous experiment. At 23° C. and 
above there was again a decided limitation in infection. Representative 
pots of Red Globe variety in inoculated and uninoculated soil at different 
soil temperatures are illustrated in Plate XXXIV. 

In order to eliminate the variation in the soil temperature at the top 
of the pot which prevailed in the experiments just described, two* more 
series were conducted in which this factor was largely controlled. This was 
done by covering the soil with a layer of mineral wool as soon as the plant- 
ings were made, a procedure which served to exclude the influence of the 
air temperature upon the soil, and provided a more nearly uniform soil 
temperature throughout the pots. The soil was thoroughly mixed before 
potting so as to insure uniform distribution of moisture. As in previous 
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experiments, the moisture was kept approximately constant during the 
course of each experiment by frequent weighing of each pot and replace- 
ment of lost water. In the third experiment Crystal Wax Bermuda seed- 
lings were used, and the air temperature was somewhat higher than in the 
other experiments reported. In the fourth experiment the observations 
were extended to certain other susceptible species of Allium. Bulbs of 
garlic {Allium sativum) j white multiplier onions (Allium cepa var. multi- 
pi icans)^ White Portugal onion {Allium cepa), and seedlings of White 
Welch onion (AlUim fistulosum) 'were used. The final data collected are 
recorded in tables 3 and 4. 

With the maintenance of uniform temperature throughout the pots, more 
critical Judgment of the aggressiveness of attack at various points in the 
temperature range was possible. In the third experiment the disease 
seemed to develop with nearly equal severity from 10° to 20° C. (see table 
3). If there w^as any variation within this range it would appear that the 
progress and destructiveness of the organism was somewhat greater at 
16° C. than at temperatures above or below that point. With the more 
accurate control of temperature the exact point at which infection is in- 
hibited becomes more apparent. Comparing the evidence at 20° and 22° C. 
it is to be seen that at the former temperature early infection occurred and 
all of the plants succumbed, while at the slightly higher temperature the 
appearance of the disease symptoms -was not only delayed but the infection 
was confined to only one of ten plants. Constant temperatures of 24° 0. 
and above were sufficient to prevent invasion by the parasite. 

In the fourth experiment (table 4) the reactions of garlic, Welch onion, 
multiplier onion, and common onion were studied. The largest percentages 
of infection and the greatest advance of the disease w^ere found at 14° and 
18° C., showing that variation in host plant had no apparent bearing on the 
temperature relation. The 8-10° C. series was lower than any maintained 
in previous experiments, and inhibition of infection at these temperatures 
was evident with all four host plants. The absence of disease above 22° C. 
was noteworthy in each species of Allium tested. The reduced percentage 
of infection in the case of the multiplier onion is significant and suggests 
the possibility of variation of suseeptibilty among known host species or 
varieties. Cotton and Owen (1) have already recorded some observations 
along this line. 

The temperature reaction of a parasitic fungus as indicated by its vege- 
tative growth on a favorable culture medium is not always a safe criterion 
for predicting the relation of temperature to its pathogenic properties. In 
this ease the discrepancy is noteworthy. Although the greatest amount of 
vegetative growTh on potato dextrose agar in a given period was above 
20° C., infection was greatly retarded beyond this point. Nearly as good 




1926] 


Walker: White Rot of Allium 


705 


growth w^as secured between 15° and 20° C. after a somewhat longer time 
had elapsed. The fungus is a veiy active pathogen, ho-ivever, from 10° to 
20° C. There appears to be little connection between rate of growth on 
potato dextrose agar and pathogenicity. 

In this connection it may be well to consider the influence of soil tem- 
perature upon the development of the host. Some earlier data were given 
on the growth of young seedlings of Red Globe and Yellow Bermuda onions 
during the first 30 days after sowing (6). In the Red Globe (a northern 
variety) the best development of roots was found at soil temperatures below^ 
20° C., while the best development of tops was at 20° C. and above. In the 
Yellow Bermuda (a sputhern variety) the best root growth was at 20° G. 
and the best top growth at 25° C. In the first soil temperature experi- 
ment reported in this paper the control plants in uninoeulated soil were 
carefully wmshed out of the soil after 52 days and the dry weights of the 
roots and tops determined. At 22° C. and above the plants had formed 
distinct bulbs, w^hile at 14° and 18° C. the leaf ba>ses Avere just starting to 
thicken. The bulb and the remainder of the top were dried separately in 
each case. At the same time a >series of plants from White Portugal sets 
was run for a slightly shorter period in uninoculated soil. The dry 
weights of these w^ere likewise procured. In table 5 the results of the two 
lots are summarized. The best root development, as in the young seedlings, 
wms at 22° G. or below'" Avhile in general the best bulb development was at 


TABLE 5. — Dry weights of rootSj "bulhs^ and leaves of White Portugal and Crystal Wax 
Bermuda onions held at various constant soil temperatures^ hut exposed to the same 
air temperature (1S-W° C.) 


Variety, condition, 
and dates 

Soil 1 
temper- ; 
ature °0. 

Av. wt. 
of roots 
(grams) 

Av. \vt. 
of bulbs 
(grams) 

Av. wt. 1 

of leaves j 
(grams) i 

Av. wt. 
of bulbs 
and leaves 
( grams) 

Av. wt. 
of total 
plants 
(grams) 

White Portngal 
plants started 
from sets. 
April 16 to 
May 24. 

10 

14 

18 

'22 

26 

30 

.307 i 

.250 

,198 

.283 

.099 

.064 

.713 

,947 

1.365 

1.649 

1.527 

1.341 

I 

1.196 I 

1.257 
1.692 
1.678 

1 1.054 

I 1.227 

1.909 
2.204 
3.057 
i 3.327 

! 2.581 

2.568 

2,216 

2.454 

3.255 
3.610 
i 2.680 

i 2.632 

Crystal Wax 
Bermuda seed* 
lings in 4th 
leaf and about 
6 inches high 
a t time o f 
transplanting 
to pots. April 
14 to June 5. 

14 

15 

22 

24 

26 

80 

.118 

.185 

.100 

.066 

.040 

.018 

.145 
.286 
.615 
; .843 

i' .637 ■ 

1 , .734 

|:' , 

1 .508 

,525 
.546 
.288 
.117 
.080 

.652 

.810 

1,160 

1.131 
i ■ .754, 

.814 

.770 

.945 

1.260 

1,197 

,794 

.832 
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22° C. and above. As a whole the most rapid growth occurred in both 
varieties at 22° C. The critical point, then, at which infection is abruptly 
inhibited is not that at which there is an evident check in the growth of the 
fungus in pure culture, but that at which the host is growing most vigor- 
ously. One may be led to question, therefore, whether or not the induence 
of temperature upon the host metabolism may not have an indirect bearing 
upon the relation between host and parasite. 

SOIL MOISTURE RELATIONS 

In the foregoing experiments the influence of temperature was the 
primary consideration. In each ease the soil moisture was approximately 
the same throughout the experiment, but no attention w^as given to the in- 
fluence of different amounts of soil moisture upon infection. The next 
experiment was planned in order to study the latter question. The same 
soil was used as in previous experiments, and division into four lots was 
made. The water-holding capacity of the soil was found to be 60 per cent 
of the dry weight. The four lots of soil were then adjusted respectively 
to moisture contents approximating 80, 60, 40, and 20 per cent of the ivater- 
holding capacity. The soil was placed in galvanized iron cylindrical pots 
5 inches in diameter and with a depth of soil of about 5 inches. Three pots 
were made up for each soil moisture. The pots were then planted with 
White Portugal sets and placed in a greenhouse at a temperature of 15- 
20° C., which was wdthin the range at which best development of the disease 
had previously been found to occur. The pots were weighed daily and suffi- 
eient water added to bring each up to the original w^eight. This method of 
maintaining soil moisture is of course subject to some error, and variation 
within the pot is to be expected. It is practically impossible to compensate 
accurately for the increase in wmght due to the growth of the plants, so 
no attempt was made to correct this error. As a result, when the soil mois- 
tures were determined at the end of the experiment, it wms found that the 
moisture content had been reduced somewhat in the w^etter soil where the 
greatest amount of growth occurred. 

The experiment was made over a period of 48 days. The soil moistures 
at the beginning and end of the period, together with the amount of dis- 
ease, are given in table 6. 

The lowest moisture content, 13 per cent, w^as not suiBcient to promote 
anything but very meager growth and was entirely too low for normal de- 
velopment of the plant. Infection also was apparently retarded by the 
lack of sufficient moisture. The top growth of the onions increased with 
the soil moisture, and the rankest leaf development occurred in the highest 
soil moisture. The plants grew wtAI at 23 per cent moisture content, but 
infection occurred here first and the disease progressed most rapidly. At 
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TABLE 6 . — Melcdion of soil moisUire to develoinnent of white rot in White Portugal 
onions; duration of experiment ^ 48 dags; water-holding 
capacity of the soil, 60 per cent 


Lot No. 

Moisture content of soil 
ill percentage 

Condition of plants at end 
of experiment 


Beginning of 

End of 

Total no. 

No. 

No. 


experiment 

experiment 

plants used 

healthy 

diseased 

1 

13 

12 

24 

12 

12 

2 

23 

26 

24 

0 

24 

3 

37 

30 

24 

19 

0 

4 

48 , 1 

37 

22 

1 20 

1 


the eonclHsion of the experiment all of the plants at this temperature were 
affected and most of them were dead. 

The behavior of the plants at the higher soil moistures is also note- 
worthy. In lot 3, where the soil moisture was kept within 50 to 60 per 
cent of the water-holding capacity, 20 per cent of the plants were diseased 
as compared with 100 per cent in the soil with a moisture content of 23 per 
cent. In lot 4, where soil moisture was raised to a still higher point, the 
amount of infection was still less. Representative pots from each lot are 
illustrated in Plate XXXV, B. 

The healthy plants were just beginning to bulb in lots 3 and 4 at 48 
days. The moisture of the soil was raised again to 37 and 48 per cent re- 
spectively, the pots being kept at constant weights as before, and most of 
the plants w^ere allowed to continue growth for another 53 days. By that 
time bulbs had formed averaging about one inch in diameter. One more 
plant in lot 3 had succumbed to- white rot during that period, while in lot 4 
one plant was infected at the neck of the bulb. All the remaining plants 
were apparently sound. 

It is thus evident that the amount of moisture in the soil may greatly 
affect the severity of the disease even at the optimum temperature. It is 
interesting to note that within the temperature range favorable to growth 
of the plant, the fungus becomes less destructive as the rapidity of host 
growth increases. There remains for further investigation the question of 
whether this shift in soil environment constitutes a direct retardation of the 
parasite or a stimulation of greater resistance as a result of metabolic 
changes in the host, or both. 

DISCUSSION 

The data which have been presented establish the fact that soil tempera- 
ture has a marked influence upon the development of white rot. The latter 
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may be properly clas>sed as a low temperature disease, and its greatest de- 
struction may be looked for when the average soil temperature is 20° C., 
or below ; while at temperatures above 22° C. the host may be expected to 
escape infection. In addition to temperature, the soil moisture is equally 
important. The disease may be expected to occur at as low soil moisture as 
will support growth of the plant, while in soil where the moisture is above 
50 per cent of the water-holding capacity a gradual reduction in infection 
will occur as the moisture is raised even though the temperature is at the 
optimum for the pathogenicity of the organism. Just how the influence of 
these soil environmental factors is exerted upon the parasitic relation re- 
mains an unanswered question. It is pointed out that the optimum tempera- 
ture for growth of the fungus on potato dextrose agar lies in a range where 
little infection occurs. Is there an optimum temperature for vegetative 
growth on potato dextrose agar and another for the expression of its patho- 
genic properties in the soil habitat! Or is the metabolism of the host at the 
higher temperatures the limiting factor! In the same w^ay, are we to 
attribute the reduction of the disease in the wetter soil to inhibition of the 
parasite or to stimulation of the host! 

On the questions of general distribution and destructiveness of the dis- 
ease, the facts have an important practical bearing. The prevailing soil 
moisture is likely to be extremely variable throughout the season in a given 
locality, and it is quite probable that such variations have their effects on 
the development of the disease. With regard to soil temperature it is 
easier to predict that certain localities where onions are growm offer more 
favorable conditions than others. For instance, in the northern onion- 
growing sections of the United States the crop is subjected to- ideal tem- 
perature conditions for white rot during the early part of the growung 
season while followung miclseason the soil temperature is likely to- be quite 
unfavorable. Such records as have been accumulated for southeastern 
Wiseonsin (4, 5), where onion sowing is done, as a rule, in April, show 
that during May and part of June the daily mean temperature of the upper 
2 inches of soil is usually below 20° 0., while for the rest of the onion growl- 
ing season it is usually above 20° C. In sections in the tier of states south 
of Wisconsin the period of favorable temperature is probably somewhat 
shorter. When one considers still more southerly sections, however, where 
the seed is commonly sown or sets planted in the autumn, it is quite likely 
that a longer period of favorable soil temperature prevails. Moreover in 
this region white rot has already become an established disease. 

SUMMARY 

The growth of the white rot organism (ScUratnm cepivorum Berk.) on 
potato dextrose agar occurs from somewhat below 5° C. to about 29° 0. The 
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most rapid development takes place between 20'' and 24° C. while it is nearly 
as great at 15° to 20° G. after a somewhat longer period of time. 

Infection occurs readily and the disease progresses most rapidly at soil 
temperatures between 10° and 20° C. At 20° and 22° C. there is a marked 
reduction in infection, and at constant temperatures of 24° C., or above, 
the disease does not appear. This temperature reaction holds for three 
varieties of common onion ; multiplier onion, Welch onion, and garlic. 

In the soil used, the greatest development of the disease occurred when 
the soil moisture was kept at about 40 per cent of the water-holding capacity. 
At 20 per cent of the water-holding capacity the growth of the host "was 
veiy slow and the amount of disease was reduced. At 60 per cent and 80 
per cent of water-holding capacity the growth of the onion plant was accel- 
erated but infection was greatly reduced. 

It is pointed out that, under natural conditions, variations in soil mois- 
ture may have a direct effect upon the occurrence of the disease. In the 
northern onion-growing sections of the United States the most favorable 
soil temperatures occur during the first half of the growing season while 
during the last half the daily mean soil temperature for the upper layers 
of soil is" for the most part, above the point most favorable for disease de- 
velopment (10°-20° C.). In the more southerly sections, where winter 
crops of onion and related plants are commonly gxwn, the favorable tem- 
peratures probably extend over a long portion of the growing season. 
Office OP Vegetable AND Forage Diseases, 

Bureau OF Plant Industry, 

U. S. Department of Agriculture, 
and 

Department of Plant Pathology, 

University of Wisconsin. 
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Explanation op Plates 

Plate XXXIY. Eed Globe onion seedlings 40 days after being transplanted to soil 
iiioeulated with Selerotium cepworum and to uninoeulated soil. The soil was held at the 
temperatures indicated, and the air temperature varied from 15° to 20° C. Since the 
tops of the pots were not covered in this experiment, there was more variation in the 
upper layers of soil than in later experiments. At this stage the fungus had destroyed 
most of the plants at 10°, 14°, and 18° 0. soil temperature, while in the 22° C. tank, 
where the upper soil varied between 20° hand 22° G., the progress of the disease was 
not so great. At 26° and 30° G, the plants were free from infection. In subsequent 
experiments in which the soil was covered with mineral wool and more uniform tempera- 
ture maintained throughout the pot no disease occurred above 22° G. 

Plate XXXV. A. Growth of Sclerotium cepivorum on potato dextrose agar plates 
after a period of 16 days at the various temperatures indicated. 

B, Onions grown from sets planted in soil inoculated with Sclerotium cepivorum and 
held at various degrees of soil moisture for 48 days. The water-holding capacity of the 
soil was 60 per cent of the dry weight. The moisture content of the soil in the pots 
was as follows: (1) 12-13 per cent. (2) 23-26 per cent. (3)30-37 per cent. (4) 37- 
48 per cent. 

In lot 1, where there was insufficient moisture to support good growth, 50 per 
cent of the plants were diseased; in lot 2, 100 per cent were diseased; in lot 3, 20 x^er 
cent; in lot 4, 5 per cent. 
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SPRAIN OR INTERNAL BROWN SPOT OF POTATOES 


D. A, T A A S O F F 

COMMON NAMES 

In Holland, sprain or internal brown spot of potatoes is generally known 
under the name ‘ ‘ KringerighekP ’ (ringiness). In the German speaking 
countries the disease is known under a large variety of names. Of these 
“Eisen’’ (50) and ^^Buntfleekigkeit’’ are perhaps most commonly used. 
But the disease is also known under the following names ; Buntw’erden der 
Kartoffeln, Pfropfenkrankheit, Braunfieekigkeit (59), Rostfleckigkeit, Ring- 
bra une, etc. 

In England the same disease is commonly called ‘‘sprain’’ (37). In 
1910 Horne (19) distinguished two forms of this disease: “internal dis- 
ease” and “sprain” or “streak” disease; and, in 1914 (20), “blotch” and 
“streak.” Paine in 1918 (33) and 1923 (34) used the name “internal 
rust spot” for the disease. In the United States it is commonly called 
“internal brown spot” (32), occasionally also “internal browning.” In 
South Africa (12) the name “internal brown fleck” is applied to the same 
disease. 

GEOGRAPHIC DISTRIBUTION 

The internal browm spot disease of the potato is quite generally dis- 
tributed wherever potatoes are grown. It has been reported from various 
places in Holland, Germany, Denmark, Sweden, Norway, Austria, Czecho- 
slovakia, Great Britain, the Dutch East Indies, South Africa, and numerous 
localities in the United States of America and Canada. 

ECONOMIC IMPORTANCE 

As a rule internal brown spot is of minor economic importance. Only 
in certain soils and in certain years does it assume considerable economic 
importance. In such cases it may practically ruin the crop as far as the 
consumptive value of the tubers is concerned, though their value as animal 
food or for starch production is not materially decreased even when severely 
affected. Cases where the disease decreased the yield of marketable tubers 
as much as 50 per cent and even more often have been reported (47). 
During the summer of 1924 the writer observed that more than 50 per cent 
of the tubers from a potato field in Bennekom, planted with the very 
susceptible varieties Schotsche Muis and Eigenheimer, were severely affected 
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and lYere iinfit for human consumption (Pig. 1) . Paravicini (35) reports 
that in some regions in the Dutch East Indies from 80 to 100 per cent of 
the tubers may become affected. 


Tm. 1. Cross and longitudinal sections of Schotsehe Muis (Midlothian Early) 
tubers, showing Internal brown spot symptoins* 
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DESCRIPTION OF THE DISEASE 

In recent years it has been shown that brown spotting of the flesh of 
potato tubers is not only characteristic of the internal brown spot disease 
but may be brought about also by numerous other diseases and conditions, 

frost necrosis (24), net necrosis (32), stipple-streak (Atanasoff), etc. 
Much of what has been considered up to now as internal brown spot has 
been net necrosis. Therefore, an exact and detailed description of the 
disease in question seems desirable. 

External Symptoms. The disease appears in the tubers long before 
they are fully grown or lifted, but it is never, or only seldom, seen in the 
very young tubers. 

In most cases the affected tubers show no external symptoms of the dis- 
ease whatever. Such is the ease ■vvith tubers which have been attacked by 
the disease in a more advanced stage of their development or shortly before 
ceasing to grow, also of tubers on the market and in storage. Such tubers 
are dirty, somewhat discolored, and often more or less bruised and injured ; 
thus the external symptoms of the disease are obscured. How'evei", when 
the tubers are dug carefully and rinsed in water, there will be seen on some 
of them, and especially on those attacked at an early stage of their develop- 
ment, some very distinct changes. This is especially true of the more 
susceptible varieties and of those with light-colored skin. Tubers that are 
attacked by the disease ■while still rapidly growing have an irregular out- 
line (Pig. 2) and show more or less pronounced deformations and depres- 
sions. These depressions may be so deep as to give the tuber a vexy iimeg- 
ular or semicircular shape. The skin over the depressions is much thicker 
and rough, often cracking in all directions (Plate XXXVI, A), the cracks 
giving the tuber a scabby appearance. If the skin over the depressions is 
not too thick and brown colored, there may be seen, as first reported by 
Pethybridge (37), dark or chocolate brown blotches underneath in the flesh 
of the tuber (Plate XXXVI, B). In some of the more susceptible early 
varieties, as Schotsche Muis for instance, these blotches may be very large 
and extend deep into the tuber. In such cases secondary organisms develop 
in the dead tissues and give rise to a large browm or black lesion on the 
tuber (Pig. 1). 

Tubers attacked by the disease shortly before or after I’eaching their full 
development are quite normal in shape and size. Their skin, however, shows 
here and there slight irregularities and rough spots, under which are visible, 
in the case of newly dug tubers, brown blotches, spots, streaks, or ring-like 
discolorations of the flesh, which seem to be arranged around a central spot, 
lying usually under a lenticel These central spots, as well as the centers 
of the depressions, apparently represent the original point of infection. 
When the skin is removed carefully, the discolorations in the flesh of the 
tuber become even more distinct. 




ipisSafllilii 


Phytopathology 


Internal macroscopic symptoms. Upon cutting a tuber iongitudinaily 
or in cross section thei’C wiil be seen dark rusty brown blotches or streaks 
irregularly spread over the cut surface and having no connection with the 
vascular ringj stem-end or eyes of the tuber nor apparently with the peri- 
derm of the tuber, as o-bserved by numerous authors (Fig. 1). In reality 
this is not so. When the tubers are cut perpendicularly through the extern- 
ally visible brown areas, or through the depressions (Fig. 2), which ap- 
parently represent the original point of infection, it will be seen that the 
rusty browm discolorations of the flesh radiate from the center of the 
depressions or externally visible brown blotches underneath the skin. In 
tubers infected simultaneously at several points, where the rusty brown 
blotches, streaks, or rings are numerous and all over the tuber, the above 
co-ndition is much less pronounced. This is also true of tubers in an 
advanced stage of the disease (Fig. 1). 


Fig. 2. Longitudinal sections of Eigenheimer tubers showing internal brown spot 
symptoms. Tubers cut through the depressions, which represent the point of infection. 
Note the eoneentrie rings and spots around the points of infection. 


The form of the brown discolorations may be of two kinds, according 
to the variety and presumably also to other not fully understood factors. 
In some varieties they consist mostly or entirely of irregular, rusty brown 
blotches of varying size and shape. This form of the disease may be mis- 
taken, in superficial examination, for net necrosis. In other varieties, even 
when growing under exactly the same conditions, the discolorations have 
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usually or exclusively the shape of streaks, arcs, or rings, always radiating 
from a certain center (Plate XXXVI) . The latter usually lie, in the early 
stages of the disease, at the surface of the tuber ; and it is not unusual to see 
several brown -arcs or more or less complete rings formed concentric- 
ally. The rusty brown areas lie more or less sharply outlined in the normal 
tuber tissues. 

The number and extent of the rusty spots and of the browning usually 
increase considerably during the first months subsequent to the lifting of 
the potatoes, and remain so during the rest of the life of the tuber. The 
increasing of the browning is more apparent in the early-lifted tubers than 
in tubers which have been dug late and in fully ripe condition. 

Infected tubers of most varieties, when properly stored, usually will 
keep as well as healthy tubers. Severely affected tubers, primarily of the 
more susceptible varieties as Schotsche Muis (Fig. 3) and Eigenheimer, 
which show deep lesions at the time of lifting, undergo a kind of dry rot 
during the winter, whereby the whole interior of the tuber becomes brown 
and perforated by numerous cavities. The dead tissues and cavities are 
gradually invaded by fungi, mostly Fusaria, and the whole tuber finally 
becomes a hard mummy. 

Internal microscopic symptoms. Hand sections through the brown 
patches show that they consist of groups of otherwise normal but rusty or 
reddish brown cells which in most cases are packed with starch grains. 
These cells are dead. The cell contents, except the starch grains, are 
shrunken, bro-wn and indistinguishable, while the cell walls seem to be con- 
siderably thickened and suberised. No foreign organisms such as fungi, 
bacteria, etc., are visible in the dead tissues. The brown patches may be 
of considerable size or may consist of only a few cells. In most cases they 
are surrounded by a distinct cork layer, consisting of three to six or even 
more layers of thin cork cells. This is especially true some time after the 
lifting of the plants. The cork layers, as well as the neighboring cells of the 
surrounding healthy tissues, are starch-free and translucent, so that a light 
ring becomes apparent aro'und each blotch when the sections are examined 
in transmitted light. 

ETIOLOGY OF THE DISEASE 

The absence of visible pathogenes in the rusty brown tissues of the 
affected tubers led the students of this disease from the very beginning to 
consider it to be physiological in nature, presumably caused by disturbed 
chemical equilibrium in the plant, or by soil or climatic conditions. This is 
now the most current opinion regarding the nature of internal brown spot. 

Former investigations. Numerous workers have searched for the patho- 
gene of this disease, but Swellengrebel in Holland and Paine in England 
are the only two workers who claim to have succeeded. 
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Swelleiigrebel (52), in an extensive paper on this subject, was the first 
to attribute the cause of the disease to bacteria. By removing portions of 
the brown tuber tissues under aseptic conditions and placing them on sterile 
boiled potato plugs, Swellengrebel found that the atfected tissues are not 
sterile, as claimed by former workers, but contain bacteria. In most cases 
he isolated the following four bacteria: Bacillus megatherium De Bary, 
Bacillus vulgatus Migula, Bacillus mesentericus L. et N., and Bacterium 
picnctatum L. et N. Swellengrebel considers these bacteria not as specific 
pathogenes, but as harmless saprophytes present everywhere in the soil and 
on the potato tubers, under ordinary conditions harmless, but evidently 



Fio. 3. Schotselie Muis (Midlothian Early) tubers cut longitudinally to show 
the symptoms of internal brown spot. 


becoming parasitic under certain conditions. New tubers inoculated with 
pure cultures of the four bacteria produced, after several months, in some 
eases a rusty brown discoloration of the tissues around the wound in which 
the inoculum was deposited. The brown tissues showed the same miero- 
seopie picture as those of tubers naturally infected with internal brown spot. 
This browning of several cell layers around the point of inoculation, which 
did not appear in the control tubers, was considered by Swellengrebel as 
proof that each of the above four organisms independently is able to cause 
the disease. 

Paine, in 1918 (33) and 1923 (34), reported that he had repeatedly 
isolated a bacterium from the affected tissues of diseased tubers. This 
organism, which he calls Pseitdononas soldnwlens, is a small, oval, non- 
sporing rod, motile by a very long, single polar flagellum, and has a pene- 
trating smell of earthy potato. 
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Paine infected tubers by inoculating with cultures of this organism 
inserted into a hole in the tuber, two or three centimeters deep and half a 
centimeter wide, made with a sterile carpenter’s auger. The hole was 
plugged with a core of potato cut with a sterile cork-borer from another 
tuber of the same variety. The inoculated tuber was either planted in soil 
or kept in a waxed cardboard box, '‘After three or four weeks incubation 
of material inoculated in this way one finds the core reduced to a hard 
shrivelled corky mass, the hole usually widened towards the bottom and 
walls thickly suberised with a brown mass of cork having finger-like pro- 
jections running out into the surrounding tissue; the suberised wmlls of the 
cavity are usually about two to three millimeters thick.” The suberization, 
Paine finds, is exactly like that of the naturally affected tubers* "In two 
or three experiments threads of cork have been traced running into the tuber 
for more than a centimeter, and these exactly resemble those of net necrosis. 
We thus have both types ‘A’ and ‘B’ arising from the same inoculation.” 
Paine (34) distinguishes two types of the disease: type ‘A’ represents the 
internal brown spot proper, and type ‘ B ’ the disease known in the United 
States and England as "net necrosis.” 

EXPERIMENTAL! METHODS OP ISOLATION 

The writer repeated SAvellengrebePs and Paine’s work. In numerous 
isolation experiments he found that occasionally the affected tissues of the 
tubers contain bacteria. So far, however, none of the organisms isolated 
from diseased tubers have produced the symptoms of the disease observed in 
nature, although most of them have produced a local browning and suberi- 
zation of the tuber tissues around the point of infection. 

The freshly dug, but externally uninjured, diseased tubers^ are thor- 
oughly washed in water with soap and brush, then disinfected in 2 per cent 
HgCls for 3 to 4 hours, and subsequently held in a flame and gently rotated 
so as to burn off the skin of the tuber on all sides. The tuber thus treated, so 
far held with forceps, is placed in the left hand, which previously has been 
thoroughly washed and disinfected. The tuber is held at one end and only 
with the tips of the fingers. The cortex of the tuber is then removed with 
a flame-sterilized, all-steel scalpel, which has been cooled by dipping in 
boiling water. From the peeled end of the tuber are cut square blocks, 
large enough to fit into a culture tube. The potato plugs are then placed 
in culture tubes containing about 10 c.c. of sterile water and held ready by 
a second person. A large number of such tubes are prepared each time. 
The tubes to which large portions of the affected tubers have thus been 

1 New tnbers were used throughout the isolation work on aeeount of the possibility 
that the pathogene might die out in the older tubers. Besides, the probability is 
much greater that old tubers will subsequently become invaded by saprophytic organisms. 
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added are incubated for several weeks at 20° C. Owing to the osmosis 
which takes place under such conditions, a considerable portion of the 
protoplasm and soluble cell contents of the potato plug passes into the 
water and makes it a highly suitable culture medium for the growth of 
bacteria and other organisms. That not only the soluble cell contents but 
also the cell protoplasm diffuses into the water can easily be shown by warm- 
ing up such tubes. This causes a coagulation of the protoplasm, and the 
liquid content of the tubes becomes milky. 

If any organisms actually are present in the affected tuber tissues, they 
most likely will appear in the liquid outside of the living potato plugs and 
become visible through clouding or other visible changes in the liquid. In 
fact a considerable number of the four hundred or more test tubes pre- 
pared in this way became clouded within two to three weeks owing to- the 
development of bacteria in them. The percentage of clouded tubes varied 
from time to time from 10 to 30 per cent, while similar test tubes prepared 
from healthy tubers seldom showed any bacteria, although in both cases 
each time a small number of tubes became contaminated with Penicillium. 

Infection experiments with bacterial cultures isolated in the above w^ay 
from tubers affected with internal brown spot have so far given no con- 
clusive results. 

Pathologic changes in potato tubers as produced by Swellengrebel and 
Paine with the alleged pathogenes of this disease have been repeatedly pro- 
duced by the writer, not only with cultures of different bacteria isolated 
from diseased tubers, but also with a large number of other bacteria isolated 
from soils where the disease never does occur, and from other sources. 
Often the characteristic rusty discoloration of the tissues around the point 
of infection was very pronounced and penetrated farther than in Paine’s 
experiments. But in all cases the discoloration, though identical with that 
produced in naturally infected tubers, remained limited to the tissues sur- 
rounding the point of infection and never extended into the interior of the 
tuber as in the case of naturally infected tubers. 

The inability to produce experimentally the symptoms of the disease 
as observed in nature can not be due to the fact that the environmental 
conditions in the experimental work, and the conditions of the tuber itself, 
differ from the conditions under which the disease develops in nature, as 
Paine (34) is inclined to believe. That this is so is shown by the fact that, 
when a piece of a naturally infected tuber is grafted to a newly dug or still 
fresh and healthy tuber, the disease will develop in the healthy tuber in a 
most typical form within two or three months, and brown blotches and 
typical rusty brown ares and rings will appear far away from the graft 
in the parenchyma of the healthy tuber. This experiment has been done 
often by the writer, and, as long as the tubers used were new and fresh, 
each time with the same results. 
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It may be that some of the organisms isolated from diseased tubers are 
actually the cause of the disease. It is possible that they may rapidly lose 
their pathogenicity outside of the tuber or in artificial culture. In all cases 
the writer has used cultures isolated only from two to four weeks previously 
from affected tubers, but, as already stated, in all cases the results were 
negative. Moreover, it is reasonable to expect that organisms which are 
virulent enough to cause distinct and very typical browning of the tissues 
around the point of infection, occasionally to a depth of more than one 
centimeter, should be able, if identical with the cause of the disease, to 
penetrate farther and bring about the symptoms of the disease seen in 
naturally infected tubers. 

DISCUSSION AND SUMMARY 

The experimental evidence to date regarding the cause of the internal 
brown spot of the potato tuber is in no way convincing. 

The following facts, however, show that it is not a physiological disease 
and throAV some light on its nature : 

1. Under ordinary conditions in Holland internal brown spot of potatoes 
occurs constantly in a more or less severe form on certain soils primarily 
rich in organic matter, or heavily manured, light, sandy loam, or sandy soils, 
and reclaimed muck lands. It has never been seen in Holland on heavy 
clay soils, even only a short distance from muck and sandy soils where 
the disease is very common. 

2. The writer’s observations during a period of five seasons have con- 
vinced him that lack of moisture can not be the cause of the disease, as is 
claimed by some. On the contrary, sufficient moisture seems to be a pre- 
requisite for the development of this disease in severe form. The only year, 
out of five, during which the disease caused but little injury in a field where 
it severely attacked the tubers during the other four years, was the un- 
usually dry summer of 1921. During this season the disease was practically 
absent. The early portion of the summer of 1925 was also very dry and 
warm. The early variety Schotsche Muis (Midlothian Early), which is 
very susceptible to internal brown spot, was perfectly free from it up to 
June 15, at which time the plants 'were almost ripe for lifting. Subse- 
quent to June 15 continuous rains came and the air temperature fell. Ten 
days later numerous cases of internal brown spot occurred. 

3. The disease is not transmitted with the potato seed. 

4. The causal agent of the disease enters the tubers from without, bring- 
ing about distinct pathologic changes at the point of entrance to the tuber. 
These consist of distinct scabbing of the tuber periderm and slight or pro- 
nounced depressions in, and deformations of, the tubers. The subsequent 
browning of the tuber parenchyma radiates from the point of infection, 
usually visible on the outside of the tuber. 
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From tlie above it could be concluded that the cause of the disease is 
an organism or a chemical substance. The latter seems less probable, be- 
cause it is not very likely that at certain points in the >soil, especially in wet 
seasons, the concentration of a given substance caii be so much higher than 
at other points around the tuber as to cause a local and not a general 
poisoning of the tuber surface. 

5. The disease can easily be transmitted to fresh healthy tubers by 
grafting portions of diseased tubers on them. This also is in favor of the 
supposition that the disease is caused by a living organism and is not due 
to a local poisoning of the tuber. Were the latter the case, the poisonous 
substance which might have entered the first tuber and brought about the 
death of local areas would at last become so diluted or bound that it would 
not be able to pass to any extent into the grafted tuber, at least not deep 
into the interior of the healthy tubers, as was always the case in the 
writer’s graft experiments. Even less probable seems the transmissibility 
of the effect of given unfavorable environmental conditions from the dis- 
eased tuber portions to the healthy tubers grafted with them. 

Institxjut voob Phytopathologies 
WageningeNs Holland. 


BIBLIOGRAPHY 

1. Anonymous. Miim. Exp. Bta. Bui. 39: 212-313, 1894; and Bui. 45; 310. 1S95. 

2. Anonymous. 111. Agr. Exp. Sta. Bui. 40: 138-139. 1895. 

3. Anonymous. Internal brown fleck of potatoes. Jour. Dept. Agr. S, Africa 8: 

266. 1924. 

4. Albers. Kart off elerkrankung. Beut. Landw. Presse 38: 1049. 1911. 

5. Appel^ 0. I)ie Pfl«anzkartoffel. Landw. Hefte 35. 1918. 

6. Bailey, E. I). Notes on miscellaneous potato diseases. Ore. Exp. Sta. Biennial 

Crop Pest and Hort. Kept. 2: 256. 1915. 

7. Barss, H. P. Physiological disorders of developing fruits. Ore. Exp. Sta. 

Bienniar Crop Pest and Hort. Rept. 3: 159-166. 1921. 

8. Brandi, W. Hie Eisenfleckigkezt der Kartoffeln. Schweiz. Landw. ZtwSchr. 

47; 173-174. 1919. 

9. Bubak, E. XJeber eisenfleckige Kartoffeln. Ztschr. Landw. Versuchsw. 

Oesterreich 5; 396-398. 1902. 

10. Coons, G. H., and J. E. Kotila. Michigan potato diseases. Mieh. Exp. Sta. Spec. 

Bui. 125; 42. 1923. 

11. Cotton, A, H, Potato diseases. Joux*. Board Agr. Great Bidtaiu.. Suppleiiient 

March, 1919: 46-47. 1919. 7 

12. Hoidge, E. M. Potato diseases Will. Internal bi'own fleck. S. African Emit 

Grower 6; 94. 1918. 

13. Pranx, a. B. Has Buntwerden oder die Eisenfl.eckigkeit der Kartoffeln. In 

Kampfbuch gegetx d. Schadlinge unserer Eeldfriichte, Berlin p. 211-212. 1897. 

14. — ITntersuchungen liber die Yeraehiedenen Err eger der Kartoffelfaule. 

Ber. Heiit. Bot. GeselL 16 : 286-287, 1898. 



721 


1926] Atanasoff; Sprain op Potatoes 

15. Frank und Sokaijer, Jahresberieht des Sonderausschuses fiir Pflaiizenscliiitz. 
1893: 58. 1894. Also in Arb. Bent. Landw. Gesell. 5. 1894. 

10. . lUd for 1898: 78, 79. 1809. Also in Arb. Dent. Landw. Gesell. 

38. 1899. 

17. — . lUcl for 1899: 108-110. 1900. Also in Bent. Landw. Gesell. 50. 

1900. 

18. Goss, B. W. Potato diseases in Nebraska. Neb. Exp. Sta. Bui. 186: 31. 1923. 

19. Horne, A. S. The symptoms of internal disease and sprain (streak disease) in 

potato. Jour. Agr. ScL 3: 322-332. 1910. 

20. . Blotch and streak in potatoes. Jour. Boy. Hort. Soe. (London) 39: 

607-614. 1914. 

21. — Potato diseases. Ann. Appl. Biol. 1: 183-203, 1914. 

22. Jensen, H. Versuche iiber die Bakterienkrankheiten der Kartoffebi. Gentbl. Bakt. 

Abt. 2. 6: 641. 1900, 

23. Jones, L. B. Disease resistance of potatoes. IT, S. Bept. Agr. Bur. Plant Indus. 

Bui. 87: 12-13. 1905, 

24. , M. Miller, and E. Bailey. Frost necrosis of potato tubers. Wis. 

Exp. Sta. Bes. Bui. 46. 1919. 

25. Kock, G. Eisenheckigkeit. Wien. Landw. Zeitung 67: 576. 1917, 

26. Lind, J., S. Bostrup, and F. KOlpin Eavn. Oversigt over Landbnigsplanternes 

Sygdomme i 1912. Tidsskr. Lairdbrug. PlanteavL 20: 249-280. 1913. 

27. McKxVY, M. B. Potato diseases in Oregon and their control. Ore. Exp. Bta. Circ. 

24. 51-52. 1922. 

28. Mayer, A. Over de vermoedelijke oorzaak der ^Kringeriglieid^ genoemde ziek- 

te der aardappelen. Landbonwk. Tijdschi'. 1903: 186-188. 1903. 

29. Die Biiigkrankheit oder Eisentleckigkeit der 'Kartoffel. Jour. Landw. 

55: 301-304. 1907. 

30. MoLz, E. Sind ^ ^ eisenfleckige ’ ^ Kartoffeln als Saatgut verw^endbar? Landw. 

Wochensclir. Prov. Sachsen 17: 171. 1915. 

31. Morse, W. J. Potato diseases in 1907. Maine Exp. Sta. Bui. 149: 318-321. 1907. 

32. Orton, W. A. Potato-tuber diseases. IJ. S. Bept. Agr. Farm. Bui. 544: 13. 

1913. 

33. Paine, S. G. Internal rust spot’/ disease of the potato tuber. Ann. Appl. Biol. 

5: 77-79. 1918. 

34. — Internal rust spot” disease of the potato tuber. (Synonyms; 

sprain, net necrosis, Eisenfleckigheit, kringerigheid, Buntwerden, and maladie 
des taches en couroime.) Bept. Internat. Conf. Phytopath, and Eeon. Eiit. 
Holland 1923: 74-78. 1923. 

35. Paravicini, E. Die Xartoffelkrankheiten in Niederlandische Ost-Indien. Centbl. 

Bakt. Abt. 2. 68: 212-220, 1923. 

36. Pethybridge, G. H. Investigations on potato diseases. III. Bept. Journ. Bept. 

Agr. and Techn. Instr. Ireland 12: 24~2o. 1912. 

37^ , Investigations on potato diseases. IV Bept. Jour. Bept. Agrie. 

and Techn. Instr. Ireland 13: 25. 1913. 

38. Bitzema Bo 8 , j. Phytopathologisch laboratorium /^Willie Commelin Scholten.” 
Verslag over de inlichtingen gegeven in 1898. Landbouwk. Tijdsehr. 1899: 
117-122. 1899, 

.. Jdm 1900. Eod. Jooo 1901: 118-121. 1901. 

% Idem 1004. Txjdschr. Plantenziekt. 11: 1-75. 1905, 


39. 

40, 



722 


Phytopathology 


[VoL. 16 


41 . . Iiistituut voor Phytopathologie te Wageningen. Verslag over oiider- 

zoeldngeii gedaaii in-eii over inlichtiagen gegevan van wege boveii geiioemd 
Instituut in het Jaar 1913. Meded. Rijlcs hoogere Land-Tuin- en Bosclibouw- 
school 8 : 87-89. 1915. 

42. — . Be kringeriheid der aardaijpel. Tijdschr. Hanttenziekt. 27: 92-94. 

1921. 

43. SCHANDER nnd Krause. Bericht liber Pdanzenschutz. Abt. Pdanzenkrank. Kaiser 

Wilhelm*Institut Landw. Bromberg 1913-14: 109. 1916, 

44. SchIjUMBErger, 0. Kartoffelknollenkrankheiten. Deutsche landw. Presse 42: 369. 

Knnstbeilage. 1915. 

45. Shoyen, W. M. Beretning om skadeiiisekten og plantesygdonimer i land- og 

liavebruket 1911. Cliristiania. 1912. 

46. Smith, E. E. The investigation of/ ^ physiological^ plant diseases. Phytopath. 5: 

83-93. 1915. 

47. SoRAUER und Holurung. Jahresbericht des Sonderaussehnsses fur Pdanzeiisehutz 

1900: 127-128. 1901. Also in Arb. Dent. Landw. Gesell. 60. 1901, 

4g, ; — — _ Heh. Jahresbericht des Sonderaussehnsses fur Pdanzeiisehutz 

14: 101, 102. 1905. Also in Arb. Dent. Landw. Gesell. 107. 1905, 

49. SORAUER, P. Handbueh der Pdanzenkraiikheiten. Dritte Andage 1: 391, 872. 

1909. 

50. ^ imd G. Eorig. Die Eiseudeckigkeit. Pdanzeiisehutz, Berlin, p. 154. 

1910. 

51. Stewart, E. C. Potato diseases on Long Island in the season of 1895, iST, Y. 

(Geneva) Exp. Sta. Bui. 101: 78-83. 1896. 

52. Sweluengrebel, N. H. Sur la nature et les causes de la maladie des taches en 

couronne ehez la pomnie de terre. Archives Nderlandaises des Sciences exaetes 
et naturelles. Serie II, 13 : 151-198. 1906. 

53. Wehmer, C. Piizkrankheiten der land- und forstwirtschaftlieher Kulturgcwachse 

im Hannoverschem wahrend des Sommers 1896. Ceiitralbl. Bakt, II Abt., 2 : 
786-787. 1896. 

54. Westerbijk, Johanna, Kringerigheid der aardappels. Phytopathologisch Lab, 

Willie Commelin Scholten” .Taarverslag 1911: 13-15. 1912. 

55. xii^ for 1912; 15-17. 1913. , 

50 . Aardappelziekteii in Kederlandseh Oost-Indie. Teijsmamiia. 

1916. 

57. Woulenweber, H, W, Braundeekige Kartodeln. Dent. Landw. Presse 47: 291. 

1920. 

58. ZiMMERMANN. Bericht der Hanptsaminelstelle Eostock fiir Pdanzenschutz in den 

Gebieteii Mecklenburg-Schwerin und Mecklenburg Strelitz im Jalire 1907. 

59 . . 1913: 76. 1913. 

Explanation of Plate XXXVI 

A. Eigexihe hue r tubers showing scabbing at and around the point of infection 
with internal brown spot. 

B. Same tubers with scabbed epidermis, removed to expose the points of infection, 
and the brown spots and rings radiating from them. 

0 . Same tubers cut through the point of infection. Note the arrangements of 
brown spots and r mgs around the penuts of infection. 




THE MORPHOLOGY AND THE PATHOGENICITY OP SOME 
PHYTOPHTHORA MUTATIONS" 

Leon II. Leonian 

Although, physiology forms the chief basis of bacteriological classifica- 
tion, mycologists still cling to the purely morphological methods. As a 
result of this conservatiye policy many groups of fungi are extremely con- 
fusing not only to the average investigator but even to the so-called spe- 
cialist. 

It is the purpose of this paper to demonstrate how easily one may, if 
strict morphological methods are followed, make new species almost at will, 
and how infinitely difficult it is to identify these species after they are once 
made. 

The mutations of the rhubarb Phytophthora (formerly P. parasitica 
A^ar. rhe% but more recently included^ in P. oninivora) have been used for 
the purpose outlined in the foregoing paragraph. Plate XXXVII illustrates 
the colony characteristics of these five types. All of these organisms came 
from a single sporangium and breed true with the exception of types I 
and IV. These latter two organisms represent what may be conveniently 
termed reversible mutations: one type may revert to the other or it may 
give rise to a complex colony consisting of both types. This phenomenon 
has been described in a former paper.^ 

The five colonies illustrated in Plate XXXVII arose as mutations from 
the rhubarb Phytophthora. They are so unlike each other that no one 
Avould take them to be members of the same species and grown under iden- 
tical conditions. It is probable that similar cases have been responsible for 
the description of many new species which after a careful investigation have 
failed to show a good specific value. 

There are further differences in these five types. Figure 1 shows the 
character of the submerged mycelium and it can be seen that types I, II, 
and III have very irregular, gnarled, profusely branching, and bulbous 
hyphae, whereas those of types IV and V are fine and even. 

Types I and II produce oogonia in abundance, type V not so readily, 
type IV sparingly, and type III none at all. Yet the presence or the 
abundance of oogonia are considered by the morphologists to be of very 
important taxonomic value. 

1 Published mth the approval of the Director of West Yirginia Experiment Statiou 
a« scientific paper Ko. 21. 

2 Leonian, Leon H. Physiological studies on the PhytopliihoT a, Amer, 

Jour. Bot. 12: 444-498. 1925. 
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Perhaps the most important features used by the morphologists in the 
classification of Phytophthoras are the size and the shape of sporangia. 
Whenever an investigator finds a Phytophthora strain -which has sporangia 
differing a little from those of the described species, he is apt to think that 
mycology is about to receive another important addition to the list of ne-iv 
species. The micron, however, is not as efficient as it appears to most 
mycologists, as can be seen from the following experiment : Ehubarb plants 



Hig. 1.— Submerged liyjduie of the five types of rhubarb Phytophthora, 


were inoculated witli tlie five types of FJiytophtliora mentioned above. 
After the infection occurred, two hundred sporangia were measined from 
each of the five series. Since no- sporangia are produced on the host under 
natural conditions, and since types III and V attack the host with great 
difficulty if at all, water cultures were tried and found satisfactory. Young 
rhubarb plants were transferred to Pfeffer ’s solution and inoculated. The 
moist condition induced the formation of profuse aerial hypliae upon the 
infected tissues and within two days large numbers of mature sporangia 
appeared. Several plants were used to furnish the sporangia of each 
type, and inoculated plants from two or more series were included in order 
to make the measurements more representative. Table 1 gives the sum- 
mary of these measurements. 
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TABLE 1. Frequency distributions in ‘percentages and constants in iniarons for length 
mid width of 200 sporangia of five types of Fhytophthora 


Class 

centers 

in 

microns 

type I 

type II 

type III 

tyx^e IV 

type V 

Length. 

W^idth 

Length 

.Width 

Length 

Width 

Length 

Width 

Length 

Width 

7.0 

0 

0 

0 

0 

0 

0 

3 

3 

0 

0 

10.5 

0 

0 

0 

0 

0 

0 

8 

12 

0 

0 

14.0 

0 

1 

0 

0 

0 

0 

18 

23 

1 

1 

17.5 

2 

1 

0 

0 

0 

0 

34 

34 

1 

4 

21.0 

1 

4 

0 

1 

0 

0 

15 

11 

4 

8 

24.5 

1 

4 

1 

3 

1 

5 

11 

10 

10 

14 

28,0 

3 

6 

1 

9 

9 

5 

6 

5 

15 

20 

31.5 

7 

13 

3 

14 

3 

15 

1 

1 

15 

22 

35.0 

13 

24 

15 

30 

10 

25 

1 

1 

18 

17 

38.5 

8 

15 

7 

17 

8 

17 

1 

0 

11 

8 

42.0 

8 

21 

21 

15 

18 

24 

2 

0 

10 

5 

45.5 

15 

7 

13 

8 

16 

5 

0 

0 

6 

0 

49.0 

4 

3 

12 

3 

16 

2 

0 

0 

5 

0 

52.5 

14 

1 

15 

1 

17 

1 

0 

0 

3 

0 

56.0 1 

6 

0 

7 

0 

4 

0 

0 

0 

1 

0 

59.5 

8 

0 

4 

0 

4 

0 

0 

0 

0 

0 

63.0 

4 

0 

1 

0 

1 

0 

0 

0 

0 

0 

66.5 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

70.0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Mean size 











in mi- 

43.70 

33.20 

43.70 

36.70 

43.70 

37.30 

25.50 

21.00 

35.00 

28.00 

crons 











Median 











size in 

45.56 

35.31 

42.81 

35.35 

47,91 

35.53 

17.92 

17.59 

34.88 

30.06 

microns 



! 








Mode in 












45.50 

35,00 

42.00 

35.00 

42.00 

35.00 

17.50 

17.50 

35,00 

31.50 

microns 












It can be seen that types I, II, and III manifest only small differences 
in the sizes of their sporangia. But note the sharp drop in spore size of 
type IV. Less evident differences have served as the basis of establishing 
many new species of fungi. In this case, however, no such practice can be 
tolerated because type IV is not fixed in its physiological or morphological 
habits and may revert at any time to type I. When such reversion occurs 
the mode for length of sporangia changes from about ISp- to 45.5pt.. This 
reversion is continuous and independent of outside conditions. How can 
the morphological system classify such a fungus! Shall we say that this 
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same oi'ganism is one species at one time and another species at another 
time? 

The sporangia of type Y are also very small and more spherical as com- 
pared with the first three. On this basis alone it would undoubtedly be 
considered as a new species or else a species entirely different from P . 
omnivora. 

It has been demonstrated previously that the size and shape of spo- 
rangia show wide variations under different environmental conditions; 
therefore it is only natural to expect that a change of host would induce 
certain clear-cut differences. In order to test this possibility some green 
pepper fruits were inoculated in the laboratory with the pure culture of 
type I of the rhubarb Phytophthora, Pepper was found to be a very good 
host and induced a profuse growth of the fungous mycelium; only a few 
sporangia formed, however, even after a long period of growth. But when 
a piece of the infected pepper with the attached mycelium was transferred 
to a covered glass dish containing a shallow layer of Pf offer's solution, 
sporangia formed in great abundance within two days. The sizes of 400 
of these sporangia taken from two lots of peppers are shown in the last four 
series of measurements given in table 2. The two lots of peppers were 
inoculated at different times. The environmental conditions in all of these 
experiments have been nearly the same and the temperature was held at 
approximately 23° 0. 

A difference of ten to* twenty-one microns between the mode lengths, 
and seven to twelve microns in the mode width of sporangia of the same 
type of fungus when grown on rhubarb and pepper respectively, must seem 
rather disconcerting to those who have not hesitated to accept a margin of 
from three to five microns as sufficient in specific differentiations. Yet it 
I’eadily can be seen that in the foregoing four measurements there is a 
fluctuating margin of nine microns in the lengths and about five microns 
in the widths. 

It has been quite a vogue among some mycologists to classify the dif- 
ferent types and sizes of spores on the percentage basis and to make it an 
important factor in identification work. The fo-regoing tables, however, 
do not encourage such a practice. 

The mycelium which grew from infected peppers was used to inoculate 
another series of rhubarb plants. After this host was killed and the 
sporangia appeared, a number of measurements were made. It can be seen 
from the first two series of measurements in table 2 that the size of spor- 
angia from the rhubarb host was noticeably increased (49x 42 a as against 
45.5 X 35 a) when the fungus was cultured on the pepper and the in- 
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oculated into rluibarb. This increase, however, is not considered as a carry- 
ing-over effect, but merely a normal fluctuation. 

Neither can the shape of spoi’angia be considered a significant point in 
taxonomy. A glance at figure 2 dispels any illusion that one may have con- 




Fio. 2. — The relative sizes ninl shapes of spor»angia of the rhubarb Pliytophtliora type I 
when grown on pepper fruit. A, and on rhubarb, B. 

eerning the value of the shape of sporangia. In addition to the small size 
the sporangia from the pepper fruit usually pos,sess very prominent papillae 
as contrasted with the inneh le.s.s pronounced papillae of the sporangia from 
rhubarb plants. 

Morphologists have also considered the pathogenicity of an organism 
as an important and dependable character, but experiments conducted with 
the Anbavh Phytophthora and its mutations indicate that host relationships 
are no more reliable or significant, at least in this organism, than spore size. 
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Hundreds of rhubarb plants, young and old, were inoculated with the 
foregoing five types. All possible precautions w'ere taken to eliminate 
errors. Disinfected seeds were growm in sterilized soil and the seedlings 
were later transplanted to steamed soil in the greenhouse and inoculated. 
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Fig. 3. — Chart illustrating the behavior of the rhubarb Phytophthora type I. The host 
was inoculated with a pure culture of type I; after the death of the plant six isolations 
were made on agar. Note the reversion, the splitting into two forms, the breeding true 
for a number of generations and then splitting and reverting again, thus illustrating a 
most remarkable plasticity and reversible mutations. 

Numerous isolations w'ere made from the infected plants to be certain that 
no other organism was a causal factor. These inoculation experiments were 
extended over nearly a year. A large number of full grown jilants wmre 
u.sed in addition to the seedlings and younger plants, and it has been con- 
cluded that types I, II, and IV are strongly pathogenic while types HI 
and Y can be eliminated as of no economic importance. Only very rarely 
did type III kill the host outright. Whenever an infection occurred it was 
confined to only one or two leaves and soon disappeared leaving no bad 
effect upon the host. Type V was unable to kilt the host and only rarely 
was it able to attack a leaf or two. Even in water cultures where the host 
Avas weakened and the mycelium was stuffed inside of the host tissues, great 
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difficulty was experienced in inducing satisfactory infection. Christensen^ 
has observed similar physiological specialization in the mutations of Hel- 
minthosporuim sativum. 

It has been seen that the nature of fungous colonies, the shape of the 
submerged hyphae, the presence or the absence of oogonia, .the shape and 
the size of sporangia, and finally the pathogenicity of these organisms are 
not dependable factors, and if one is to follow such characters exclusively, 
confusing and even ridiculous situations may be expected to arise. 

Studies conducted thus far and partially reported^ indicate that a physi-. 
ologieal scheme of classification where a great number of reactions are avail- 
able can avoid such confusions in taxonomy because apparent specific differ- 
ences disappear to- such an extent that all of the foregoing five types, as 
well as a number of other supposedly distinct and authentic species and 
undescribed forms can be classified under one species group, namely 
P. omnivora. 

It has been stated before that types I and IV, although appearing as 
very -distinct forms, revert to each other or give rise to complex colonies. 
All attempts to control this by the manipulation of environmental factors 
have given negative results. It was hoped that perhaps the host would 
exert a stabilizing influence and fix the type, but figure 3, which show^s the 
result of this attempt, dispels all such hope. 

Reversible mutations are not uncommon,* the writer has observed and 
isolated a great number of these not only in Phytophthoras but also in 
Fusaria. These phenomena play havoc with the present scheme of classi- 
fication and they can not be ignored by ascribing them to environmental 
influences. Until some investigator is more successful in controlling such 
phenomena they will remain as taxonomic puzzles to be solved only by 
physiological methods. 

SUMMARY 

Work with some mutations oi Phy tophi Jior a omnivora DeBary has indi- 
cated that the nature of fungous colonies in pure cultures, the shape of the 
hyphae, the presence or the absence of oogonia, the shape and the size of 
sporangia, and finally the ability to produce disease on a given host are not 
dependable factors in the taxonomy of the gexiUB Phytophthora, 

West Virginia University 
Morgantown, W. Va. 

Explanation OF Plate XZXVII 

Ooiajiy characters of the five types of the rhubarb Fhytophthora. Type I is the 
original form which gave rise to the other four; it was grown from a single sporangium. 

3 Christensen, J. J. Physiologic specialization and mutation in Eelminihosporium 
satimm. Phytopath. 12; 785-79S, 1925. 

Leonian, loa. eit 









-lYTOPATHOLOGT XVI 


Plate XXXVII 




HEREDITARY ABNORMALITIES RESEMBLING CERTAIN IN- 
FECTIOUS DISEASES IN BEANS 

Walter H. Burkholder and Albert S. Muller 

Two striking abnormalities of the bean plant, Phaseolus vulgaris L., 
have come under the observation of the writers during the past few years, 
each so similar to a common disease of this crop that some confusion was 
experienced before it was learned to distinguish them from the diseases 
they resembled. That they could not be classified as diseases was deter- 
mined when it was found that fungi, bacteria, or infectious principles were 
not associated with them, but that they appeared to be transmitted only to 
the progeny of affected plants, and then as recessive characters. Genetical 
literature is full of cases of abnormalities in plants being inherited, but in 
very few instances have these abnormalities been mistaken for diseases. 
Such a one, however, is reported by Dr. li. A. Emerson^ in the case of blotch 
leaf in maize. The appearance of the blotch on this plant suggests a fung- 
ous or a bacterial disease, but the character is inherited as a recessive, as 
he has shown. The two abnormalities found in beans and discussed in this 
article are : first, a leaf character similar in appearance to the symptoms 
on leaves caused by the mosaic disease; and, second, a seedling wilt, for a 
time thought to be due to a fungous or baeterial infection. 

THE PSEUDO-MOSAIC 

The term pseudo-mosaic was applied to this character of the bean leaf 
for convenience, to distinguish it from the true mosaic of this plant. In 
appearance the pseudo-mosaic differs from the true disease in the following 
characters. The leaves are narrower, longer, and have more or less of a 
tendency to twist. There is also a more striking difference between the 
lighter and darker green areas. The dark areas are fairly normal in ap- 
pearance, and not so raised or cupped as in the time mosaic. The light areas, 
on the other hand, are frequently yellowish, and occur at times as a series 
of streaks on the leaves. If examined closely, one can observe a fasciation 
or an anastomosing of the veins as the nucleus of the lighter areas. The 
increase of the vascular tissue is, no doubt, the main cause of the yellow 
appearance in these areas, but there also appears to be less chlorophyll in 
the surrounding cells. 

1 Emerson, B. A. The inheritance of blotch leaf in make. IST. T. (Cornell) Agr. 
Exp. Sta. Mem. 70: 1-16. 1923. 
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The true mosaic frequently changes the type of growth of the bean 
plant and gives it a bushy appearance with spindly runners. On the other 
hand, the effect of pseudo-mosaic is limited to the leaves entirely. The 
yield is not affected by this abnormality, but this is no criterion for dis- 


HiG. 1. The pseudomosaic: aa hereditary abnormality of bean leaves. The photograph 
was taken with, a ray Alter which caused the auastomosed veins 
to stand out very clearly. 

tinguishing the two, since certain varieties of beans will produce a good 
yield when practically all their leaves show unmistakable symptoms of the 
true mosaic. 

A chart obtained by the Department of Plant Pathology at Cornell 
University from the U. S. Bureau of Plant Industry, labelled chart 8 Bean 
Mosaic, CT. 3304, gives in colors very distinctly these two types of leaf 
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characters, of the true mosaic, and of the pseudo-mosaic. In examining 
these charts, one may notice that the two top leaves show symptoms of the 
mosaic disease. The two lower leaves in appearance are typical examples of 
the pseudo-mosaic dealt with in this paper. Whether the originals of these 
two lower pictures were a variation of the true mosaic, or a different mosaic, 
or pseudo-mosaic, it is impossible to state. 

The pseudo-mosaic was first brought to our attention in the summer of 
1919, when one selection of beans (3292) grown on the experimental plots 
at Perry, New York, showed 100 per cent pseudo-mosaic. This selection 
had come from a cross between a White Marrow and a Flat Marrow, and 
was being grown for its resistance to the root rot caused by Fiisarium martii 
f. sp. phaseoii Burkh. At that time, while we had noted the two types of 
mosaic in the bean fields of New York State, we were inclined to consider 
them variations of the same disease. However, since the type of mosaic on 
this selection w^as the uncommon type and there was 100 per cent infection, 
it wms looked upon with some misgivings. None of our selections had ever 
shown an approach to 100 per cent through natural infection. 

Consequently, some inoculation experiments were conducted with this 
type of mosaic which we now term pseudo-mosaic. At that time on the 
experimental plots we had growing approximately 100 varieties of beans. 
Ten plants of each variety were selected and inoculated by rubbing an ab- 
normal leaf over a leaf on one of the healthy plants, care being taken that 
the epidermal tissues of the healthy leaf were broken in the process. While 
a small percentage of mosaic developed on the moculated plants, in no ease 
was the percentage higher than on the remainder of the uninoculated 
plants. The mosaic which did develop was of the common type and was 
probably brought in by insects. The indication from these inoculations was 
that the pseudo-mosaic was not infectious, and further experiments in the 
greenhouse seemed to corroborate this. It was also noticed that this new 
type of mosaic had no effect upon the yield. Selection 3292 bore heavily 
that season; the seed was saved and planted in the greenhouse the following 
winter and in the field during the summer of 1920. All seeds produced 
plants having this peculiar leaf character. Seeds from a bean plant affected 
with the true mosaic seldom give rise to 50 per cent diseased plants. It 
should be stated here that the pseudo-mosaic character in the greenhouse 
is not very distinct at times. In the gardens, too, it may vary considerably 
in intensity of character from year to year. Late in the season the in- 
tensity of the abnormality is greater as a rule, and has more the appearance 
of the mosaic disease. Prom this it would appear that the character is 
affected by the environment, a fact which is also true of the symptoms of 
common mosaic on the leaves. 

This problem was not followed up immediately, but in the winter of 
1923 a number of crosses were made between selection 3292 and the Robust 
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Pea hem. Eeciprocal crosses were made. In all, 19 pods bearing 53 seeds 
were secured from these crosses. These seeds were planted during the 
summer of 1923 and harvested the first of October. Forty-three of the F^ 
plants survived and bore seed, but in no ease did the pseudo-mosaic char- 
acter appear on any of the leaves, a fact which indicated that the char- 
acter, if inherited, was recessive. 

During the summer of 1924 the seeds from these F^ generation hybrids 
were planted at Ithaca, New York, in a garden removed from all other bean 
plants; and data were taken on the Fg individuals. Counts were taken on 
34 families containing 1280 individuals. Of these, 75 showed the abnormal 
leaf character, and 1205 appeared normal. This is quite a close approxi- 
mation to a 15:1 ratio (1200-80). In no case was any true mosaic ob- 
served to complicate the taking of the above observations. Sufficient data 
seem to have been presented to show that the pseudo-mosaic is not an in- 
fectious disease but an abnormality, and one which is hereditary. Good 
genetical data as to the manner of its inheritance, however, are lacking. To 
check up the 15: 1 ratio obtained in the F^ generation, it would have been 
desirable to grow the plants. This was impossible, however, since the 
Fs’s were late in maturing and were killed by frosts. A further objection 
might arise as to the use of the Eobust Pea bean for one of the parents, 
when it was known that this bean is resistant to the true mosaic. However, 
by the use of this variety the chances of a true mosaic entering the experi- 
ment are lessened. And, furthermore, McEostie^ has shown that suscepti- 
bility to the mosaic disease is partially dominant, a ratio of 9 : 7 being ob- 
tained in the second generation. Artificial inoculations were necessary in 
his experiments. 

In conclusion we wish to state that, while we hold the pseudo-mosaic to 
be only an abnormality, similar symptoms on the leaves of beans might be 
due to a type of mosaic not frequently encountered in the bean fields of 
New York State. 

THE SEEDLING WILT 

This abnormality was first brought to our attention by Dr. G. P. Mc- 
Rostie of the Department of Plant Breeding at Cornell University. Dr. 
McRostie observed, while working on the genetics of the resistance in beans 
to CfMeiotricltiim ImdemiitManum et Magn.) B. et C., f. alpha 

Barrus, that a number of his F^ seedlings died. The crosses were between 
the WelPs Red Kidney and the Robust Pea bean. The trouble outwardly 
appeared to be an infectious disease of some kind, A great many of the 
dying seedlings were examined and, although no associated organism was 

2 McBostie, CL P. Iiilieritaxice of diseaBe reaistane^e in the common bean. Jour. 
Amer. Soc. Agron. 13: 15-B2. 1921. 
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found, the writers were inclined to consider it a disease. In appearance 
and in progress of the trouble the abnormality was as follows. There was 
no retardation in the germination of the seeds and, unless carefully ex- 
amined, what appeared to be a healthy seedling would be sent forth. In 
many of the abnormal seedlings the green was slightly off color. This was 


Pig. 2. Hereditary seedling wilt of beans. 

hardly noticeable, however, except in contrast with healthy plants. From 
this stage on, the plants sickened and died. There was no rapid flagging of 
the leaves as is frequently the ease with certain bacterial infections, but 
otherwise the symptoms were not unlike those produced by certain organ- 
isms. The primary leaves became pale and at times had a bronze appear- 
ance. They curled somewhat and frequently dropped off. Further growth 
was seldom made, although, in a few eases, where care was taken of the 
plants, a few more leaves were added and occasionally a flowerhud was 
formed before the plant finally died. 
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In examining wilted individuals, no lesions were found upon the plants ; 
the roots were especially clean. The vascular system too, appeared normal, 
and search for bacteria or fungi was of no avail A great many plantings 
of stems, roots and leaves from these affected plants were made in agar in 
petri dishes, but no pathogene was isolated. Seeds planted in pots which 
had had wilted seedlings in them produced healthy plants, although the 
former wilted seedlings were cut up and placed in the soil. From such ex- 
periments it became evident that the trouble was not at all, or at least not 
readily, communicable, 

A clearer understanding of the matter was arrived at when it was ob- 
served that the seedling wilt only occurred in bean hybrids, including and 
after the generation. Furthermore, it did not occur in all hybrids. It 
was very frequent in crosses between the WelPs Bed Kidney bean and the 
Kobust Pea bean, but it never was found in crosses between the WelPs 
Eed Kidneys and the White Marrow. 

During the season of 1922 a great many individuals of the second gen- 
eration of hybrids were grown, involving crosses among ten different varie- 
ties of beaus. The work was being done in connection with some breeding 
work for resistance to the bacterial blight of beans. Among these seed- 
lings a great many wilted plants appeared, so it was considered worth while 
to determine the ratios of the wilted to the healthy plants and what varie- 
ties of beans were involved. Crosses had been made among the following 
varieties: Baldwin Wonder Wax, California Wonder Pea, Giant String- 
less Green Pod, Keeney ^s Rustless Golden Wax, London Horticultural, Ro- 
bust Pea, Refugee Green Pod, Scotia, Plat Marrow, and the WelPs Red 
Kidney.' The seedling wilt appeared only in those hybrids of which one of 
the parents was the California Wonder Pea bean, the Robust Pea bean or 
the London Horticultural bean, but did not always occur under these cir- 
cumstances. Families which were entirely free from the wilting seedlings 
appeared, on the whole, to be composed of healthier individuals than those 
in which this abnormality did occur. This was also observed in the Pg gen- 
eration, but no careful measurements were taken on this point. In the Pg 
generation of 16 families containing 1795 individuals, 119 wilting seedlings 
were found, and 1675 normal ones. A 15: 1 ratio which this approximates 
would be 112 to 1683. It would appear from this that two factors were in- 
volved, and, when both were absent from the same plant, that individual 
would be unable to grow beyond the seedling stage. Data taken on the F 3 
generation, however, did not fully confirm this. 

The seeds which produced the Pg generation were two yeai*s old before 
planting, and the number which was planted was not recorded. Conse- 
quently the ratios obtained were based only on the seedlings, and the un- 
germinated seeds were not considered. These might have changed the 
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ratios. As it was, over one-lialf of the families threw no wilting seedlings, 
and those that did again gave a ratio of 15 : 1. The 3 : 1 ratios which were 
expected did not appear. The above data are by no means complete, es- 
pecially from the genetical aspect, although we feel that they do show 
the trouble to be of an hereditary nature. 

SUMMARY 

Descriptions are given of two abnormalities of the bean plant, Phase- 
ohis vulgaris L.: one a leaf character resembling a mosaic, and the other 
a seedling wilt. Failure to find a causal organism or an infectious principle 
led to a genetical study of the two characters. Data concerning their mode 
of inheritance indicate that both are recessive characters and that two fac- 
tors are involved in each case. 

Cornell University, 

Ithaca, New York. 




THE TEACHING OF ELEMENTARY PLANT PATHOLOGY^ 

L.E.Hesleb 

The interest which is being manifested in the teaching of plant pathol- 
ogy is encouraging. But no matter where a quickened enthusiasm may lead, 
we must focus our attention rather steadily upon three vital aspects : the 
subject, the teacher, and those who are taught. Fundamentally plant pa- 
thology is the same wherever and however it is presented. The method used 
by the teacher is important, and undoubtedly varies widely in its details. 
But, whatever the method, it is more pertinent to inquire into the i>hi- 
losophy and broad aims of the teacher than to become lost in mere method. 
The interest of the one who teaches should be in the student as well as in 
the subject ; the teacher should be concerned not so much in whether the 
student wdll make a living but how he will think and live. 

The course in elementary plant pathology at the University of Tennessee 
is organized on the crop-basis. It is believed that this plan is at present 
well suited to the needs of the students taking the course, although the 
plan, both in general and in detail, is ever subject to new developments in 
plant pathology and in other fields of science. The general trend of educa- 
tion, it is hoped, will also exert an influence on the form of the course lim^e 
considered. It is always wise that the teacher shall seek new points of 
view to which he may shift in order to lessen the danger that the landscape 
may become worn out by familiarity. 

All students registered for the Bachelor of Science in Agriculture 
degree are required to take the course in the second semester of the sopho- 
more year. (Recent action of the faculty j^laces the course in the fall term 
of the junior year.) Moreover, all students in the two-year agricultural 
course are held for plant pathology. Further, the course is designated as 
an elective for liberal arts students, although with few exceptions only agri- 
cultural students take it. 

Prerequisite botany consists of a four-hour semester course in funda- 
mental plant studies, dealing largely with elementary plant physiology, with 
sufficient anatomy included to assist in an understanding of functions. 
Agricultural students are required to take this course in the freshman 
year. In the first half of the sophomore year, four semester-hours of gen- 
eral bacteriology are required. The elements of physiological and struc- 
tural botany and bacteriology are, then, courses prerequisite to our first 

1 Invitation paper read before the American Phytopathological Society, Kansas 
City, December, 1925. % 
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course in plant pathology. At the beginning of the first term of the junior 
year these students begin the study of plant diseases. 

The course at Tennessee is. a four-hour subject. The nieetings consist 
of two lectures of one hour each and two laboratory periods of two hours 
each. Although most of the subjects in the agricultural curriculum are 
three hour courses, the curriculum committee has made elementary plant 
pathology, along with the more general sciences, a four-hour course. 

At the outset, let us not overemphasize the importance of the method 
of classifying the subject-matter. There are perhaps several good plans 
on which a course in elementary plant pathology might be built, but un- 
doubtedly much moi^e depends on the teacher than on the plan of organiza- 
tion. It is contended, however, that some well-laid plan is necessary. But 
it should not be forgotten that the student may fail to appreciate the ele- 
gance of the plan; what he sees, after all, is not the plan but the teacher. 

The crop-basis plan of presentation characterizes the course in elemen- 
tary plant pathology at the University of Tennessee. With minor excep- 
tions, the diseases of a given crop are studied in sequence, although this 
does not mean that no emphasis is given to other important aspects, such as 
etiology, which might serve as the basis for classification of subject-matter. 
In our procedure the emphasis is placed wherever it seems possible to bring 
out a principle. In some cases the stress may be put on lesion-type, in 
other instances on variety of symptoms exhibited, and in all cases the causal 
factor is examined as fully as possible. The primary division of the sub- 
jeet-matter, however, is the crop-basis. 

An attempt to point out the advantages of such a plan raises the ques- 
tion of the ohjective. The aim should depend somewhat on what the stu- 
dent does after having had the course. The needs of the student rather 
than the whims of the teacher should be considered. The aim should also 
be determined, in part, by what best fits into the general curriculum of the 
college. An ideal, perhaps, is that the course shall attempt to reveal the 
relationship of plant pathology, a specialized branch of science, to knowl- 
edge as a whole. Finally, whatever may be the ultimate aims, the more 
immediate goal is to train the student, by means of plant pathology, in 
methods of scientific observation, thinking, and reasoning. In striving for 
this aim one is certain to teach something of plant pathology as a factor in 
agriculture and to enlist the sympathy and interest of students in our 
worthy field of study. The question then arises as to whether the method 
employed accomplishes these objectives. 

In defense of the crop-basis method of organization, it may be said that 
a farmer is in the habit of grouping his problems by crops; crop produc- 
tion is Ms occupation. It is natural, then, that the agriculturist will think 
of his problems from the stand-point of the crop affected. He is interested 
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in the remedy. Remedial measures at times are directed against more than 
one pest affecting a crop. The important diseases of a crop can he arranged 
in seasonal sequence and a definite eontrol-prograni can be offered. 

Experience indicates that the student will return to the farm, either as 
a crop grower or as a rural leader. Therefore the beginning course in plant 
pathology should train him to recognize disease, to diagnose the more 
common diseases, and to help him understand the cause of disease. Such a 
training should lend support to his intelligent pursuit of any plant disease 
problem that may arise. If the problem is simple, he may solve it himself ; 
if complicated, he will recognize that fact. In presenting the subject on a 
crop-basis plan, the plant disease problem is hitched to something already 
familiar to the student. On a basis of lesion-type or a causal agent, it is 
more difficult to make ready contact with the student’s previous knowledge 
and experience. Suppose we divide plant diseases into necrotic, hyper- 
plastic, etc., and approach the subject through these groups ; or suppose we 
classify diseases on a basis of the causal factor, bacterial, fungous (and 
further, phycomycetous, ascomycetous, etc.) and then lead the student to 
plant pathology for his assimilation. In either ease there is little in the 
student’s previous experience that enables him to tie on to plant pathology, 
which for him is a new subject. No farmer ever started out to control 
bacterial diseases on the farm ; hut he does have interest in a program 
dealing with the diseases of a single crop. At the same time, however, 
there is no intention of denying the student a knowledge of the causal 
agent — a knowledge of which is essential to a thorough understanding of 
control, and is vital to an appreciation of the problem of disease in plants. 
In fact, the causal factor in each case is studied as fully as conditions will 
permit. Special attention is devoted to details of morphology and life- 
history of parasites. The final stress is then placed on those features of 
cycle and structure which bear on control. It is not that we minimize 
etiology; on the contrary we emphasize it. The general approach, however, 
is through crop groups. Of course, there are certain disease-types which 
group themselves somewhat naturally on an etiologic basis. For example, 
the mildews, smuts, and rusts constitute familiar groupings even in the lay 
mind, so that each of these types may well be treated together in an ele- 
mentary course in plant pathology. 

The course offered at Tennessee is general, covering the diseases of 
various crop-types. Chief emphasis is given to the more common diseases. 
It is felt that it is better to study thoroughly a few selected types than to 
attempt a review of a large number of known diseases of a given crop. 
With few exceptions, two laboratory peifiods are given to the study ot a 
specific disease. Certain important diseases are necessaiily omitted in such 
a scheme, hut some of these are brought in for demonstration when the 
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control program for the disease of a given crop is niider consideration. 

The diseases which are selected for detailed study are those of chief 
importance in Tennessee. Some discussion is presented regarding certain 
diseases of national or even international importance in order to broaden 
the view of the student relative to the larger problems in plant pathology. 
I refer to such troubles as chestnut blight, citrus canker, white pine blister 
rust, potato wart and others. 

The material actually employed in the laboratory exercises may be classi- 
fied as fresh, dried, pickled; illustrations, cultures, and prepared slides. 
Dried and pickled materials are used in practically every study. In nearly 
every exercise, fresh materials are made available. Free use is made of 
illustrations ; figures in books and bulletins, photographs-~*these are re- 
garded as proper laboratory material. Sets of publications in paificular, 
as far as available, are on file for the student’s use as the need arises. Pure 
cultures of parasites are used wherever possible. The student is apparently 
more definitely impressed with the existence of an organism if it can be 
seen growing in mass separate from its host. Elementary spore-germina- 
tion studies are made with the peach brown-rot fungus. This exercise is 
inserted in order that the student may better visualize incubation phe- 
nomena. Prepared slides are provided but to a limited extent and only 
after the student has knowledge of the source of the mount. These slides 
are used largely to facilitate study of details of fruiting body structure, 
and to aid in understanding pathological changes in diseased tissues (as 
in peach leaf curl). An abundance and variety of materials are aimed at, 
on the assumption that visual learning is best. Diagnosis, if it is to be 
learned at all in such a course, is learned from a large assortment of ma- 
terials. Lantern slides are not available ; when wisely used, they are doubt- 
less of value. 

Brief notice of the nature of laboratory procedure may be pertinent. 
After preliminary explanations are made, a difinite assignment of the exer- 
cise is announced. Time in the laboratory is largely spent by the student 
in a problem study of symptoms and in the more essential aspects of eti- 
ology. Drawings of chief features of the disease and parasite are made by 
the students. No time is given by the students to isolation of organisms 
nor to pure culture prepax^ation ; but enough practice in inoculation work 
is included to acquaint him with the general technique, the importance of, 
and the fact of, pathogenicity. Two field trips are on the program: one 
assumes the nature of a survey of the University farm, including cereals 
and fruit; the other of a vegetable-growing section nearby. 

Written work is a valuable adjunct to the laboratory exercise. At the 
conclusion of each study, certain topics or questions are set forth. The 
student, with Belected references to literature, writes on the topics as- 
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signed. The written work, together with the drawings made in the labora- 
tory, constitutes the student’s report on a unit of work. 

One special report is required during the semester. This report is in 
the form of a longer paper, 1500 to 4000 words, which is compiled from 
the literature. The value in having the student go to the original sources is 
recognized. How literature originates, how to find it, its magnitude, its 
value, its use especially in so far as training is gained in sorting, writing, 
citing, editing, and the like — all these questions can be given attention in an 
exercise such as this. The student is asked to choose a subject, one pertain- 
ing to a plant disease which has not been included in the laboratory pro- 
gram; on this topic he is to write the paper. He is taught the nature and 
use of the Experiment Station Kecord as a source of references to literature. 
Later, other sources are introduced. When a reasonable number of refer- 
ences is accumulated, the student goes to the original publication, and the 
subject matter contained therein is abstracted. In making the abstract, the 
material is sorted, and the notes are made under headings definitely ar- 
ranged in an outline. Abstracts are finally brought together and used in 
compiling the paper. The additional information on plant diseases and the 
peculiar training afforded by this type of exercise seem to justify the under- 
taking, alike in the eyes of instructor and students. 

Thus the laboratory work is largely descriptive plant pathology. This is 
intended. The laboratory studies precede the lectures ; this arrangement is 
also intentional. The lecture work deals to no little degree with analytical 
plant pathology: the ‘^structure” of phenomena, the philosophy of the 
various aspects and recommendations, the inter-relationship of technical 
knowdedge and practical application, the exact use and meaning of terms, 
and the interpretation of the more obvious truths. The lecture aims, then, 
at a ground-work w^hich is necessary to an understanding of control-recom- 
mendations and practices. Usually most of the lecture hour is given over to 
a discussion of those features of a disease which are more definitely related 
to control; as a rule, how^ever, the minimum time is actually devoted to de- 
tails of the control measures themselves. An understanding of the prin- 
ciples on which control practices are based would seem more desirable than 
an extended discourse on methods of control. The methods, at , least in de- 
tail, may change within a short time, whereas principles change more slowly. 
In each lecture, one point is stressed more than others; a theme properly 
selected and emphasized gives the student a frame-work to which subject- 
matter detail can be attached. In every instance, too, the important points 
regarding the various aspects of the disease are covei*ed; these aspects are 
taken up in a definite order for each disease discussed and is practically uni- 
form for all lectures. 

No text-book is required. References to the best available literature are 
given out both at the lecture and in the laboratory. In some eases, where the 
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available literature is not suitable for student use, the lecture subject-matter 
is mimeographed and is distributed subsequent to the lecture. In such in- 
stances, as in many others, the students are tacitly advised against taking 
notes. This suggested jorocedure is based on the theory that taking notes 
results in a divided attention. I am inclined to the opinion that lectures 
and note-taking are over-done. 

The so-called intelligence-test type of examination has been in use at 
Tennessee in the Department of Botany for a few years. The examination 
is divided into parts, or tests, as for example : true-false, selection, comple- 
tion, matching, labelling drawings, and sometimes spelling. The advantages 
and disadvantages are probably known to everyone interested. While this 
kind of examination has proved useful and popular in our course, yet this 
type is not used to the exeliision of others. A few of the usual types of 
examinations, and frequent short oi^al or written quizzes are given. A final 
examination is given, but the emphasis is placed on daily 'work rather than 
on such a test. 

In presenting any subject in a college curriculum, we should not lose sight 
of the student. The interest of the teacher should be in the student as well 
as in the subject. Sympathetic treatment of the student has a positive place 
in any course. It is advantageous to gain the student's point of view’' and 
eriticisms; it has been said that the good teacher does not refuse to learn 
from his students. It is well to aim at the development of the maximum in 
the student’s personality and character, but for the subject the aim should 
be to give the student only the optimum. The teacher’s knowledge of his 
students should rate as high as his kno-wledge of the subject. Attempt 
should be made to give to the student ‘'the spirit of learning, not learning 
itself”; and consideration should be given to the development of capacity, 
rather than to the stuffing of an already quite limited intellectual store-house. 

Principles should be emphasized. Of course many facts are taught; it 
must be so! Pacts must be stressed, but the final emphasis is put upon the 
principle which is synthesized out of the facts. Few rule-of-thumb formulae 
are taught ; these can be had without taking the course. It is not enough 
to shower the student with an array of facts; principles must be developed. 
Nor is it sufficient merely to develop principles; these must be stated and 
restated. 

The final objective is “not learning but rather discipline and enligiiten- 
ment.” We have no right merely to exploit the student to satisfy a hobby, 
but we should employ plant pathology to widen his vision; and, finally, we 
should use the course so that, along with other courses in the curriculum, 
it will function to develop the student—to increase capacity, discipline his 
mind, his habits, his point of view, reflections, discriminations, insight, 
perception. 

UKivniisxTY OF, Tennessee, 

Knoxville, Tenn, ' 


SOME POINTS OP VIEW ON THE PLANT VIEUS PEOBLEM‘ 


James J ohjstson 

There are ardent supporters of most, if not all, of the conceivable theo- 
ries concerning the casual agency of virus diseases. This lack of agreement 
seems to be largely the result of the chaotic state of the knowledge of de- 
tails involved in the separate phases of the problem. It is probably quite' 
within the power of present research technique to determine these details 
, . definitely. While fundamentally important progress has been made since 
the recognition of the first virus disease, the data and eonclusions have 
unfortunately been so conflicting as to point in no general direction. The 
difficulties have been, and apparently will be, increased in the future by the 
I fact that nomenclature is based largely on symptomatology. While we 

have in general a fairly distinct set of symptoms for virus diseases, these 
are limited usually to chlorosis, mottling, malformation, necrosis and stunt- 
ing, with intergradations which soon render impossible the selection of valu- 
able descriptive names for the disease. It may soon be advisable, therefore, 
to abandon the attempt to describe a virus by the disease which it causes 
in favor of some other system more comparable to that used in the classi- 
fication of bacteria and certain fungi. 

SPECIFICITY OF VIRUSES 

Transmission experiments and symptomatology have demonstrated that, 
in the potato virus group, a dozen or more apparently distinct viruses exist. 
The question of specificity of these viruses has been determined largely 
through symptomatology and through inter-varietal inoculations. While 
it has been reported by some workers that certain of these potato virus dis- 
eases are transmissible to other solanaeeous plants, one is led to wonder if 
the viruses in question actually were transmitted, in view of recent results 
obtained in transmitting viruses with equal ease from apparently healthy 
and diseased potatoes to tobacco. In any ease, the majority of the char- 
acteristic potato virus diseases do not appear to be readily, if at all, trans- 
missible to certain other closely related plants. A similarly restricted host 
range probably exists in the case of certain other groups of viruses. 

1 Invitation paper read before tlie joint session of the American r»hytopathologieal 
1 Society and the American Potato Association, Kansas City, Dec. 30, 1925. Published 

with the approval of the Director of the ’Wisconsin Agricultural Experiment Station, and 
the Chief of the Bureau of Plant Industry, United States Department of Agriculture. 
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On the other hand, Elmer’s recent work would indicate that the virus 
employed was not specific as to species, genera, families or orders. Fifteen 
inter-family and eleven inter-order transmissions are reported, presumably 
on the assumption that one virus was used in all cases. A year ago only 
one virus disease of tobacco was recognized in our laboratory. At present 
we recognize nine or ten distinct viruses, if we include those secured from 
the potato. Symptoms, dfflerential hosts, and other characteristics plainly 
point to the eonclusion that these viruses are distinct, though admittedly not 
easily differentiated in some cases. The ordinary tobacco mosaic has prob- 
ably not been transmitted outside of the solanaceous family. A specific 
virus may in some cases, however, pass directly from one family to another, 
as in the case of cucumber mosaic to tobacco. 

Elmer probably was not working with a single virus but with several 
viruses, since he states that infected plants employed as sources of inoculum 
were obtained from widely separated localities, a fact which greatly reduced 
the chance that any specific cosmopolitan virus was used. His results are 
nevertheless very suggestive in the interesting field of virus transmission 
and host range. To be of most value, however, his experiments should be 
repeated with the question of virus specificity more clearly in mind; and 
future host range studies should take this consideration into account. 

COMBINATIONS OF VIRUSES 

It has been believed for some time that various distinct viruses may co- 
exist in individual plants, especially in the potato. The potato viruses and 
their host range are probably not so well adapted to a study of combina- 
tions of viruses as are many of those which attack tobacco and other sola- 
naeeous plants. Certain combinations of viruses are apparently much more 
likely to produce a malignant disease than a single virus. With nine or ten 
viruses affecting as many or more host species, there is ample room for 
studying this interesting relationship. The separation of the viruses which 
are purposely combined, or the study of possible combinations found in 
nature, often is quite feasible by the use of difierential hosts and other 
methods of separation such as aging in vitro and the selective killing action 
of heat and chemicals. Cucumber mosaic and tobacco mosaic in the same 
inoculum should he separable, for instance, by inoculating to pokeweed to 
get the cucumber mosaic free from tobacco mosaic. On the other hand, by 
permitting the inoculum to age for two or more days outside the living 
host, the tobacco virus should be secured free from the cucumber mosaic 
virus. 

INSECT RELATIONS 

The present status of our knowledge of the fundamental relation of 
insaets to certain virus diseases is confusing and is likely to remain as a 
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barrier to clear thinking on the virus problem until clarified. The limited 
evidence which exists indicating that certain insects play a necessary or 
fundamental part in the life cycle of the virus concerned should be ex- 
tended and corroborated if possible. Experiments indicating that an in- 
fectious disease can be transmitted only by insects or by grafting need to 
be performed with great care in respect to method of inoculation, the source 
of the inoculum, the condition of the host, the environment and other cir- 
cumstances in order to be wholly convincing. 

In the meantime, however, these insect relations should not be permitted 
to confuse us in regard to the majority of our more typical filterable 
viruses, for which we can be reasonably certain that insects are not essen- 
tial, and that the part played by them is in all probability purely me- 
chanical. 

From an economic point of view it seems generally accepted that in- 
sects are largely, if not entirely, responsible for the occurrence of epiphy- 
totics of most of the virus diseases. Following several years of observation 
and considerable experimental work, we have yet to be convinced that in- 
sects play a major role in the occurrence of epiphytotics of tobacco mosaic, 
although admittedly no good single substitute which is generally applicable 
as an explanation has been definitely discovered. Transmission through 
soil by the various means of contact and by storms may be much more 
common than generally supposed. 

ENVIRONMENT RELATIONS 

The relation of environment to virus diseases will require much more 
investigation than has been accorded to it up to this time to be adequately 
understood. Virus diseases are radically different from most parasitic dis- 
eases in that moisture does not play an important part in infection. This 
may be accounted for by the fact that infection occurs largely through 
wounds and that the virus almost immediately enters into close association 
with the surrounding protoplasm. The virus must either grow throughout 
the plant from the point of infection or be carried through it by normal 
physiological processes. Judging by its rapid systemic invasion, it is 
likely that its multiplication and diffusion occur simultaneously. Tempera- 
ture is perhaps the only factor to which the virus diseases studied are 
particularly sensitive, but it is a disputed question whether this influence 
is exerted upon the virus directly or upon the host plant and hence in- 
directly on the virus. The expression of potato mosaic is most typical and 
marked at comparatively low temperatures (15° to 20° C.). Above 25° G. 
the symptoms are masked to a striking degree, not only on the newly formed 
leaves but also on older leaves previously showing distinct mottling. Fur- 
thermore it does not require a continued high temperature to bring about 
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this result, as shown in our laboratory by Tompkins; up to 80 per cent of 
the time may be spent at the low temperatures with a similar, though de- 
layed, final result. The masking of symptoms already present seems most 
easily interpreted on the basis that the virus is reduced in activity in some 
manner by the high temperatures. While it is generally recognized by all 
workers with mosaic that the optimum temperature for the vigorous de- 
velopment of the host is the optimum for the shortest incubation period, 
this does not entirely explain the symptomatology in the potato. The potato 
plant may develop moi'e rapidly at 25° C. than at 15° 6. ; yet the symptoms 
of mosaic as they develop from the tuber will be much more marked at 
15° C, than at 25° C. On the other hand, if healthy young potato plants 
are inoculated with the mosaic virus, the plants placed at 25° C. for some 
days will show symptoms much earlier than plants kept constantly at 15° G. 
The virus apparently is not attenuated by the higher temperatures. In 
other words, a temperature favorable for masking is at the same time near 
the optimal' temperature for infection as measured by the length of the 
incubation period. Again, if one is working with two or more different 
viruses on the same host in constant temperature chambers, a given tem- 
perature may be considerably more favorable for infection by one virus 
than by the other; or, on the other hand, a given temperature may mask 
one virus disease and not the other. Consequently the influence of tem- 
perature probably is more significant than a simple influence on host de- 
velopment. 


SYMPTOMLESS CARRIERS 

The possibility of plants carrying a virus without ever being capable of 
expressing any symptoms of the infection is an interesting and important 
problem. If this is actually true, it indicates a peculiar physiological rela- 
tionship in regard to the nutrition and reproduction of the virus. In this 
connection, from a pathological standpoint a fundamental difference exists 
between masking and symptomless carriers. In the case of masking, it is 
necessary to assume only that the virus is in a dormant condition, or, as is 
more likely, the host is not in a physiological or morphological condition 
satisfactory for the expression of symptoms. In the case of symptomless 
carriers the virus must be assumed to be actively reproducing itself at the 
expense of the host without in any way appreciably affecting its appearance. 
However, recent results lead us seriously to question the existence of the 
reported cases of symptomless carriers. Certainly the original case of 
Nicotiana glaiica cannot be left in this category, since this host may be 
markedly stunted by tobacco mosaic and strikingly malformed by cucumber 
mosaic. The cases in PhgsaliSj as reported by Nishimura and by Elmer, are 
usually regarded as typical examples of symptomless carriers. Our experi- 
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ments with these species recently have shown that symptoms can he ob- 
tained under favorable environmental conditions. As I have pointed out 
in a recent article, however, the potato may eventually prove to be an 
excellent example of a symptomless carrier of viruses, since apparently 
healthy plants appear to be commonly infected. On the other hand, cer- 
tain plants like Nicotiana glutinosa and the potato, which may be seriously 
affected locally by a virus, do not appear to carry the virus systemically. 

PROPERTIES OP THE VIRUSES 

This fertile field for investigation is too large to venture far for present 
purposes. It may be recalled, however, that tobacco mosaic is comparatively 
resistant to aging, putrefaction, desiccation, heat, and chemicals. Cucumber 
mosaic on tobacco produces symptoms so similar that the fact that these 
viruses are different has escaped detection for years. The main properties 
of the cucumber virus, however, apparently remain essentially the same in 
' tobacco as in the cucumber. As a source of inoculum for mosaic Elmer 
recommends the use of vigorously growing parts of infected plants. Our 
experience with the tobacco mosaic virus in overwintering studies has shown 
that virus harbored on old boards or rags for a period of two years is 
practically as effective when extracted from these materials as inoculum 
extracted from green plants. Elmer, however, may have been using the 
cucumber mosaic virus or a similar virus, in which ease his conclusion is 
probably correct, owing to the comparative sensitiveness of some viruses 
to adverse conditions. In this connection it may be mentioned that the host 
plant itself may have a marked influence upon the value of the virus for 
inoculum purposes. Pokeweed, for instance, is in our experience a poor 
source of cucumber mosaic virus for inoculation to certain unrelated planta 
as compared with tobacco. This may explain in part the apparent value of 
bridging hosts in some eases, rather than any actual change in the nature 
or properties of the viruses. 

While tobacco mosaic and other viruses are surprisingly resistant to 
certain toxic chemicals, they may be often readily destroyed by such milder 
forms of chemical activity as represented by the action of other living 
organisms or by enzymes. For example, the virus is readily destroyed in 
moist soil as compared with dry or sterile soil. In slowly curing tobacco 
(presumably an enzymatic process) the virus may be fairly rapidly inacti- 
vated as compared with tobacco which is rapidly dried or kept as a liquid 
extract. 

SIZE OF PARTICLES 

There stilT seems to exist a remarkable difference in opinion as to the 
probable size of the particles coneerned in filtrable viruses. While it is 


750 


[VoL. 16 


PHYTOPATHOLOGy 

generally recognized tliat fine grades of porcelain filters will prevent tlie 
passage of a mosaic virus and that coarser grades will permit the virus to 
pass, at the same time yielding a sterile filtrate, it is yet maintained by some 
that certain microscopic protozoa and bacteria are filter passers and that 
they are consequently not necessarily^ excluded from the category of prob- 
able causal agents. Others believe that ultramicroscopic fragments of these 
organisms, capable of acting as reproductive bodies, may pass extremely fine 
filters. Duggar and Karrer have already shown that the tobacco mosaic 
virus must exist in particles of extremely small size. Continuing this line 
of investigation, Mulvania, working in our laboratory, has repeatedly dem- 
onstrated that the tobacco mosaic virus will dialyze through certain graded 
eollodion ultrafilters which, according to all probabilities, should not permit 
the passage of particles much larger than the ordinary protein molecule. 
One naturally wonders, therefore, if it is possible that the mosaic particles 
are living entities. There are those who would prefer to agree with 
Beijerinck that the virus is essentially a solution rather than a suspension, 
while still others prefer not to think of it as a viru>s at all in the sense that 
it reproduces itself, hut suggest that the causal agency may be of the 
nature of an auto-catalytic agent. At any rate, the burden of proof as to 
the approximate size of the virus particles does not seem to lie with those 
who contend that the causal agency exists in extremely small particles. 
While certain protozoa and bacteria may pass through antibacterial filters 
bodily or fragmented, it is extremely unlikely that such bodies will dialyze 
through collodion membranes. 

intra-ceIjLular bodies 

The plasmodium-like bodies, usually of surprisingly definite structure, 
and commonly associated with certain virus diseases in the host cells, re- 
main puzzling. The proof of the causal relationship of these bodies to the 
disease has, however, always seemed insurmountable in view of the ex- 
tremely small size of the infectious mosaic particles, unless a mode of repro- 
duction heretofore unknown is assumed. To those who are still concerned 
with their possible causal relationship, it may he of interest to know that 
continued eytological observations by Miss Isme Hoggan in our laboratory 
indicate that, while these bodies are readily found in a number of different 
hosts infected with the tobacco mosaic virus, they apparently are lacking 
in these same hosts infected with other virus diseases producing quite similar 
symptoms. These results suggest that no necessary relationship exists be- 
tween the intra-eellular bodies and the occurrence of virus diseases. It 
is most probable that the intra-eellular bodies are a result rather than a 
cause of the disease. Thei'’e seems to he some correlation, however, between 
the oeeurrence of these bodies and the ability of the virus to survive for 
long periods outside the living plant. 
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ARTIPICIAI. CUI/rURES 

Almost all investigators of virus diseases begin with an attempt at 
eulturing tlie causal agency but are for the most part rapidly discouraged 
despite the number of partial successes reported. A year ago Olitsky re- 
ported on what appeared to be a good basis that the eulturing of a mosaic 
virus had been accomplished, Mulvania tried to repeat this in our labora- 
tories without success, and I understand others also have failed. For the 
present at least this phase of the problem also must remain unsettled, since 
negative evidence is rarely wholly convincing. 

In conclusion, the results of the recent investigations on the viruses 
secured from , apparently healthy potatoes may be mentioned briefly. The 
main results of this work have been published so recently that little im- 
portant new data has been secured. It has been suggested by this work 
that either potatoes are exceptionally good examples of symptomless car- 
riers or that normal or abnormal protoplasm of the potato itself is capable 
of attacking, as it were, the tobacco plant. I am indebted to Dr. H, H. 
Whetzel for the suggestion of the word 'Airoplasm” to cover the meaning 
of the latter working hypothesis. While this hypothesis may be weak from 
one point of view, it has the advantage of explaining practically all that 
is definitely known regarding the properties and behavior of plant viruses. 
However, one of these viruses of the type secured from some apparently 
healthy potatoes which we have referred to as spot-necrosis’’ on tobacco is 
capable of causing a serious and even fatal disease when inoculated back 
to the variety of potatoes from which it came. The virus may remain 
dormant in the tubers for months, as in the ease of other virus diseases 
of the potato. An explanation of this phenomenon on the basis of increase 
and decrease in virulence of the virus does not appear wholly to account for 
the facts. Something has occurred in this process of transference from one 
plant to another which suggests that we are working close to the boundary 
line of knowledge which so effectively screens from our view the actual 
nature of the causal agency of filterable virus diseases. If any significance 
at all can be attached to the viewpoints and experiments mentioned in this 
paper, they seem to suggest at least that the causal agency of virus dis- 
eases of plants is in some way closely related biologically to the living matter 
of green plants. 

University of Wisconsin and 

Bureau OF Plant Industry, 

United States Department of Agriculture. 
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Factors affecting the properties of a virus . — Experiments carried out 
with tobacco mosaic show that virus of low concentration has a lower 
thermal destruction point than a concentrated virus. Diluted virus also 
loses its potency faster than concentrated virus on standing at room tem- 
perature. 

When tobacco and cucumber juices were used as diluting media, the 
potency of the virus and its thermal destruction point was depressed more 
than when sterile distilled water was used for making dilutions. Cucumber 
juice had an especially marked depressing effect on the thermal inactivation 
point of the virus, and this juice also seemed more effective in reducing the 
potency of the virus on standing. 

These studies suggest that the first reduction in the potency of diluted 
virus is not always permanent, as, in some eases, an increase in potency 
was found on the sixth and twelfth days after dilution. However, on stand- 
ing 50 days, there seemed to be a decrease in potency below any previous 
low point. Additional study is necessary on this phase in order to dis- 
tinguish positively between what may be experimental variation and re- 
activation of previously inactivated virus through colloidal and adsorption 
changes, or an actuaT increase in the number of virus particles not previ- 
ously inactivated.— H. H. McKinney, Office of Cereal Crops and Diseases, 
Bureau of Plant Industry, XJ. S, Department of Agriculture, and Wiseonsin 
Agricultural Experiment Station, Cooperating. 

Authority . — The following quotation furnishes the authority foivand the 
definition of, a very useful word in plant pathology— a word which either has 
not yet found its way into the dictionary or else is mentioned at the bottom 
of the page. The authority is the distinguished Belgian academician, Ch. 
Morren, who was perhaps the first to champion the mycetogenetic origin of 
potato blight. The complete citatign is as follows: Morren, Ch. Des causes 
des disettes en eereales, depuis le commencement du XIX siecle. Bui. Acad, 
Eoy. Sci. Bruxelles 20^: 169-200, 1853. The article is reprinted in Mor- 
ren’s Clusia, Liege, 1852-1874:, on the second pages (29) to (60). On page 
174: [second page (34) of Clusia] one may find the following paragraph: 

peut raisoimablement admettre qu^en prenant Pagrieidture depuis le eom- 
mencement du siecle, les sciences iiaturelles se soient assez perfeetionees pour qu’elles 
aient pu faire une distinction entre les disettes produites par les pluinomc^nes mdtdoro- 
logiques et eelles dont la cause ddpend d ^une veritable 6pid^inie d ^animaux ou do plantes 
nuisibles. Si Pon pouvait cr4er des mots a volontd pour rendre ses iddes, le nom 
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d^cpi^ootiej exprimaiit line imiladie quelconque attaquaiit le betail dans sou ensemblej 
devrait trouver iin mot eorrespondant a Pegard des plantes cultivees pour les recoltes. 
Le iioni d^epipJiytotie serait assez eonvenable pour exprimer ces maladies generales des 
plantes utiles. Oe serait alors a 1 ^etude des causes de ces epiphytoties qu ’il f raudrait 
se livrer. ’^ 

The statement is also of particular significance when it is recalled that, 
with the exception of Payen in Prance and Berkeley in England, the scien- 
tists of the time had been saying for the past nine years that Botrytis was 
the result of the potato disease, not the cause of it. — D. Reddick. 


ABSTRACTS OF PAPERS READ AT THE SEVENTH ANNUAL 
MEETING OF THE CANADIAN DIVISION OF THE AMER- 
ICAN PHYTOPA.TIIOLOGICAL SOCIETY, ST. CATHA- 
RINES, ONTARIO, DECEMBER 21 AND 22, 1925 

Studies on the epidemiology of wheat stem rust in Manitoha<, 19 i 5 \ D. L. Bailey and 

J, H. Craigie. 

Slides were exposed at various intervals from the first of July to the end of Sep- 
tember by aeroplane at elevations of 3,000 to 5,000 feet on the Royal Canadian Air 
Force patrols at Victoria Beach, Norway House, and the Pas in Manitoba, and at High 
River in Alberta. When the results of these exposures were correlated with field obser- 
vations, the indications were that rust spores had been carried l)y the wind for con- 
siderable distances from their place of origin. 

Gorrosim suMmiate and time of treatment in relation to yield and eontrol of MMsoc- 

tonia. ,J. E. Howitt and W. G. Evans. 

The results of six years ^ experiments in treating seed potatoes with different 
strengths of corrosive sublimate, and for varying periods of immersion, may be sum- 
marized as follows. 

1. In Ontario, the strengths of corrosive sublimate and times of iinmersion usually 
recommended, namely corrosive sublimate 1 part by weight to 2,000 of -water for 3 
houi’s, corrosive sublimate 1 part by weight to 1,000 of water for 2 hours, and 1 part 
by weight to 1,200 of water for 1 hour, do not reduce the amount of. Mhkoetonia suffi- 
ciently to insure satisfactory seed potatoes. 

2. Much stronger solutions of corrosive sublimate than have been usually recom- 
mended can be used with safety if the disinfection is done very early in the spring wdien 
the potatoes are completely dormant ; but, if potatoes are not completely dormant at 
time of disinfection, strong corrosive sublimate solutions cannot be used safely, as 
they retai’d the development of the sprouts and reduce the yield. In the experiments 
recorded, in a 5-year test, corrosive sublimate, of the strength of 1 part by weight to 
500 of water for 2 hours, practically eliminated disfigured tubers, the average per- 
centage for the period of 5 years being only 2,2 per cent. The average percentage in 
the check for a period of 6 years was 68.43 per cent. 

3. Entirely satisfactory results cannot be obtained by disinfecting seed potatoes 
with any strength of corrosive sublimate after the eyes have started to grow. Strong 
solutions delay sprouting of the seed pieces and reduce the yield; and weak solutions, 
while they apj)arently increase the yield of salable tubers, do not sufficiently reduce the 
amount of disfigurement due to selerotia to make the potatoes desirable for seed pur- 
poses. 

VerticilUum “ wilt of the raspherry. G. H. Berkeley and A. B. Jackson. 

This disease was first reported by the authors in 1923 as ^ ^ Bluestem. ^ ^ It is now 
considered advisable to discard this term for ^^wilt.^^ The symptoms are a wilting 
and easting of the leaves, with an accompanying bluish discoloration of the cane. This 
disease is general throughout Ontario and has been found on Cuthbert, St. Regis, Marl- 
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borOj a^iid Viking varieties. The disease is caused by a previously undeseribed species 
of Verti-cillium wliieh the autliors have named Verticillium. ovatum Berkeley and Jack- 
son. A description is given. 

The authors also point out that the blackening of cultures of Verticillium spp. is 
caused by sclerotia in some cases, whereas in others it is produced by resting mycelium. 
On this basis, the forms are divided into two groups: Group A, the resting mycelial 
type; and Group B, the sclerotial type. 

Some ohservations on asoospore discharge and dispersal of conidia of Venturia inequalis 

(Coolce) Wmter, J. E. Howitt and W. G. Evans. 

Observations and experiments carried on for a period of six years indicate the 
following. 

Apparently the average mean temperature of the months of January, February 
and March has more influence upon ascospore development and primary discharge of 
aseospores in the spring than has the amount of precipitation from April 1 to primary 
ascospore discharge. 

The average mean temperature for January, February and March is more closely 
related to ascospore development and discharge than is the mean temperature of the 
days in April and May preceding primary ascospore discharge. 

Free ascospore discharge takes place in many seasons at the time that the leaf buds 
are just bursting and the blossom clusters pushing up, emphasizing the importance of 
the delayed dormant and pre-pink sprays in some years. 

Aseospores in Ontario may retain their vitality, at least until the eighth of August, 
and probably until a much later date. 

The conidia may be scattered freely by wind from tree to tree in an orchard. 

Some fungus foes of the flower garden. A locality list with notes. J. Dearness. 

Aster: Rust — Coleosporium soUdaginis (Schw.) Thum.; not severe. 

Yellows-— organism undetermined; destructive. 

Wilt — Vusarium conglutinans callistephi Beach ; destructive. 

Carnation: Rust— Uromym caryophyllinus (Schrank.) Wint. 

Chrysanthemum : Oylindrosporium chrysanthemi Ell and Dearn. 

Cosmos: Wilt — undescribed. 

Foxglove: Deaf -spot — Phyllosticta digUalidis Bellynck; injurious. 

Geranium: 'Wilt-— Bacterium pelargonM Brown, or B. erodii Lewis; destructive. 

Gladiolus: Dry Rot — undetermined. 

Hollyhock: Leaf-spot — Gereospora altJiaeina Sacc.; injurious. 

Rust— Pwocima malvaeearum Bert.; disfiguring and injurious. 

Honeysuckle: Bowdorj mi\dm--MicrQsp'haera alni lonicerae (D. C.) Salm. 

'^Die-baek^^ — not determined. 

Iris: Root rot — probably Bacillus caret omrus Jones; destructive. 

Leaf-spot — DidymelUna iridis (Desm.) Tisdale; injurious. 

Paeony : Blight— probably both cinerea Pers. and paeoniae Ond. 

Phlox: Powdery mildew— ci(??toracearaw D. 0. 

Rose: Powdery mMey^—Sphaerotheca pannosa (Wallr.) Lev.; mostly Oidium. 

Black leaf -spot — Biplocarpon rosae Wolf; common and injurious. 
BusU--Marlea speciosa {mm.) Anh'y Fhragmidium disciftorum (Tode) 
James; P. amcrioanum Diet. 

Omkem--I)k^)orthe umbrina md Coniothyrimn uve to be looked for. 

Snapdragon: Rust— 'Pwaoiaia antirrhini Diet. & Holw. ; transplanted from green- 
house to gardens but not sure to survive winter. 
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Sunflower: Bust — Fuccinda Jielimithi Sehw.; disfiguring and injurious. 

Sweet Pea : Boot rots — TMelavia hasicola (B. and B.) Zopf. 

Tulip: Blight — Botrytis tuUpae (Lib.) Hopkins. 

Violet: Root rot — Tliielama hasicola (Berk, and Br.) Zopf. 

Leaf -spot — Cercosimra molae Sace, on the English violet. 

The dry rot disease of gladioli. P. L. Drayton. 

Repeated isolations made from diseased gladioli sent by growers, and intercepted 
at the ports of entry in shipments from Holland, yielded a fungus which proved patho- 
genic and was later found to be identical with cultures received from Dr. Massey, of 
Cornell University, as the fungus causing the dry rot disease described by Mr. Errett 
Wallace in an unpublished thesis in 1909. 

The potential importance of this disease is shown by the results of field experi- 
ments in which an average of 80 per cent, and in some varieties 100 per cent, infection 
’was obtained, with cheeks remaining healthy. 

The premature death and decay of diseased plants in the field and the presence of 
lesions and other symptoms on the diseased conns are described. 

The causal fungus is quite distinct from Septoria gladioli Pass., the cause of the 
hard rot disease. Numerous small selerotia are produced in culture and on the base of 
the leaf sheaths in diseased plants, but no sports have as yet been found. The mycelium 
is intracellular in its development and is accompanied by a disappearance of the starch 
and the formation of a layer of cork cambium which isolates the lesions. The vascular 
bundles are sometimes invaded also and become black. 

Por the control of this disease formalin, mercuric chloride, TJspulim, and Bayer 
Compound were used as conn treatments and soil drenches without success. The fol- 
lowing recommendations are made however : 

1. The strict avoidance of land which has borne a diseased crop for further gladiolus 
culture; also care to avoid the transference of soil from diseased to clean land. 

2. Gorins having lesions should not be planted. To be sure of the absence of 
lesions, the corm scales should be removed, if possible, just before planting. 

3. Plants showing signs of disease during growth or at digging time should be 
discarded, for, if the cprmels from diseased plants get mixed with those from healthy 
ones, it is impossible to separate them, and they become a source of infection when 
planted. 

4. When cleaning the conns, it is possible to detect diseased corms and eliminate 
them. 

5. Healthy corms selected from a mixture of diseased and healthy ones should be 
soaked in 5 per cent formalin for 10 minutes before they are planted. 

6. Rigid inspection of corms should be made at the ports of entry. 

7. Inspection and eertiflcation of corms, when the development of industry de- 
mands it, would aid materially in the control of gladiolus diseases. No decided resis- 
tance was observed, but the Primuliuus hybrids used in these experiments were more 
susceptible than the Qlandavensis types. 

The work is not complete, but is reported largely to direct the attention of plant 
pathologists and growers to the disease and the recommendations for control based on 
field and laboratory studies. 

A preli/mina/ry note on Fomes pinicola Fr. mid FhoUota adipom Fr. — two heterotlialUc 

species of wood-destroying fungi. Irene Mounce. 

No cytologieal investigation has hitherto been made of the mycelium of Fames 
pinicola or FJioliota adiposa. The absence of clamp-connections from monosporous 
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niyceliu and tlieir preseiiee in coinpouiid mycelia resulting from the pairing of mono- 
sporous niyeelia are the only criteria which have been employed in determining that 
these two species of wood-destroying fungi are heterothallic. 

It has also been found (a) tliiit Fonies pinicola and PhoUota adiposa are bisexual; 
(b) that in both species (1) nionosporous mycelia either remain wholly sterile or pro- 
duce imperfect fruit-bodies which have never shed spores; on the other hand those eom- 
poimd mycelia formed by the union of two monosporous mycelia produce normal sporo- 
phores. (2) Monosporous mycelia isolated from spores of fruit-bodies from different 
localities are mutually fertile. 

New mid imiimul dtseasefi and injuries of tobacco. C. M. Slagg. 

The Fusarium leaf- and stem-disease of tobacco has been noted in the seedbeds 
and fields in Kentucky, Wisconsin, Connecticut, and Massachusetts since 1918, but the 
damage caused is slight. The curly dwarf disease, characterized by the stunting, 
rosetting, and leaf spotting of affected plants, has been observed in Connecticut, On- 
tario, and Wisconsin since 1922. In extreme eases, as high as 20 per cent of plants have 
been found affected. The cause is unknown. In-jnry from the residual effects of a 
blasting material known as ^ ‘borrowite ^ ^ occurred on tobacco plants at Harrow, Ontario, 
in 1925, A type of stunting and malformation of large field plants in Ontario and 
Quebec in 1924 was found to be caused by attack by the common burdock borer Papal- 
pema nitella Gn. During the growing season of 1925 in the Okanagan Valley, British 
Columbia, a type of irrigation injury was observed showing sunken, longitudinal stalk 
cankers, abnormal defoliation, and, in some eases, frenehing symptoms. 

Nirpefiments for the control of oyiion smut. D. R. Sands. 

In some parts of the onion growing marshes in southwestern Ontario, smut is 
causing eonaiderable loss in the crop. Formalin and Kalamit were tried at various 
strengths, the object being to get a solution that would give the best results with the 
minimum quantity of water. A determination of the moisure content of the soil (black 
muck) was not made, but at the time of seeding and for a long period afterwards, the 
soil was much drier than usual. Results are given in the following table. 

TABLE 1, — The effect of solutions of formaldehyde ami Kalamit on yield of onions 

ill Ontario 


Strength of solution 

Gallons per acre 

Yield per acre 
in bu. 

Solution used 

Water in gallons 

1 pt. formalin 

16 

130 

568 

do 

12 

100 

540 

do 

6 

50 

450 

1 pt. Kalamit 

12 

100 

522 

do. , i 

6 

50 

440 

Check rows — ^no treatment 


I 198 



Ill all of the above solutions, about the same quantity of formjilin and of kalamit 
was used per acre; hence it will be seen that the best results were obtained where the 
greatest quantity of water was used. Bows were 16 inches apart. The measure was 
the imperial gallon (10 lbs. water) and imperial pint (20 oz.). 
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TITLES AND ABSTRACTS OF PAPERS READ AT THE TENTH 
ANNUAL MEETING OF THE PACIFIC DIVISION OF THE 
AMERICAN PHTTOPATHOLOGICAL SOCIETY, 

MILLS COLLEGE, OAKLAND, CALI- 
FORNIA, JUNE 16-19, 1926 

Transpiration as a pathological factor , — U. E. Smith. 

Ohservatiom on citrus diseases in South Africa,— H, J. Webeh. 

Plant diseases in 1925, — R. J. Haskell. 

Cytology of root tips from siigar heets having the curly-top disease. — T. E. Rawlins. 

A degeneration of the pericyele cells and several rows of adjacent cells was regu- 
larly observed in root tips from sugar beets having the curly-top disease. The first 
evidence of degeneration was seen in’ the abnormal staining reactions of nuclei in the 
pericyele cells. This abnormality was apparently followed by the development of a 
coarse reticulum in the nucleus, the disappearance of a distinct nucleolar vacuole, the 
occasional division of the nucleole into several parts, and the appearance of a dense 
reticulate cytoplasm in the degenerating cells. 

Several types of heavily staining cell inclusions were quite regularly found in the 
cytoplasm of these degenerating cells. Some of the inclusions were irregular in form, 
had a dense homogeneous internal structure, and assumed no regular position in the 
cytoplasm. Others were more or less spherical in form, had a heterogeneous internal 
structure, and were usually found at each end of the cell. 

The amorphous nature of all of the observed inclusions indicates that they are 
products of the disease rather than causal organisms. 

What is ^ ^ sore-shin' ^ ? — ^Michael Shapovalov. 

The beginning of the cotton growing seasons of 1925 and 1926 in the Southwest 
was marked by a severe outbreak of brown stem lesions on the seedlings. The injury 
had ail appearance of typical sore-shin, ^ ^ but isolations from the lesions showed that 
a great proportion of them was not due to Misoctonia, Specimens from a southern 
part of the San Joaquin Valley yielded cultures of PhiBoctonia as well as Fusurkim, 
Farther north mostly Fusariim spp. were obtained. Material from the Palo Verde Val- 
ley and the Yuma section gave in part BJdzopus sp. and in part Fmarium sp. At River- 
side most of the lesions were due to Fusarium, Other miscellaneous fungi have been 
obtained, but in less significant numbers. 

This field survey and subsequent greenhouse inoculations indicate that the cause of 
cottom stem lesions may vary in accordance with the soil fungous fiora in different sec- 
tions and with climatic changes in the same section. The common name sore-shin’^ 
may be convenient in designating a general group of cotton stem lesions similar in exter- 
nal eliaract eristics, but it may readily lead to confusion if used to signify only the in- 
juries caused by Fhizoctmiia solani. 
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Further utudien on avooado fruit decays. — Wm. T. Hoknk. 

Studies of avocado fruit rots liave been continued. The outstanding importance of 
Jllmopiin spp. continues to be evident. A feature of the rot not previously emphasized 
is that the limits of decay are not well marked, so that affected fruit can not readily be 
trimmed and the sound part used. Rliizopus rotted fruit has been fed to guinea pigs 
at the rate of live grams per animal, and ten grams have been fed to a rabbit, without 
injury. A rather tough elastic rot has been produced by inoculation with Fythiacystis 
mtrophthora S. and B. The rot is tinner, finer textured, less moist and slower acting 
than Rhizopiis rot. The blue and green molds of citrus fruits [Penicillium italicum 
Welim. and P. digit atmn (Fr.) Saec.] have not been destructive on avocado in our inocu- 
lations, but the blue mold of apples, P. expaimm Lk., has caused a rot which advances 
less rapidly and is dryer in texture than on apples. Sclerotinm Wbertiana Fcl. and 
Botrytis: vulgaris Fr. produce extensive wine colored rots on dark fruit in artificial in- 
fection, Imt BoJ. einrrea (Bon.) Sehrot. from apricot has not grown well on avocado fruit. 

Notes on some tropical anthraenmes. — Wm, T, Hokne. 

Studies have been carried on at Berkeley and field observations have been made in 
Florida and Cuba on anthracnose of lime (Citrus aurantifoUa Sw.), mango (Mangipera 
indica lu.), and arionaceous fruits, including the anon of sugar apple (A7iona squamosa 
L,), and the soursop (Ano7ia murieata L.). The work of Clausen^ on Gloeosporium 
Umetticolim has been confirmed in that this fungus causes anthracnose on young tissues 
of lime but Hot on other ordinary citrus species. Limes were also inoculated with the 
other fungi mentioned in this abstract, but anthracnose was not produced by them. A 
Colletotnchum was isolated from young mango fruits from Florida and Cuba showing- 
typical anthracnose. This fungus produced typical anthracnose on mango foliage in the 
greeidiouse. Othei ColletotrieJiums ami Gloeosporium. limetUeolum failed to give typical 
mango anthracnose, though flecking and staining of wound edges were produced. 

A 6H//cH>fric/rwm-like fungus was isolated from mature fruits of soursop. It is 
distinct in culture from the fungi mentioned above. We did not succeed in producing 
typical anthracnose on young foliage of cherimoya (Aimna cdierirnolia Mill.), mn‘ on 
soursop, though some injury was caused in young soursop plants under extremely moist 
conditicms in several of the inoeiilations. 

Mutation in fungi,— 0. A. Fli^nkett. 

A study of 39 species of fungi belonging to 18 genera has shown mutation to occur 
in four genera and seven species, giving rise to 17 mutants. The fungi -were all growm 
from single spores and the purity of all cultures thus guaranteed. Mutations appear 
as ae(itors in a normal colony. Mutation is evidenced in Alternaria species in general 
colony characters; rate of growth; coni dial production; conidial length, breadth, and 
septation; mycelial characters, color, zonation, and presence or absence of aerial 
mycelium, Two mutants derived from a single-spore culture of Sterigmatocystis niger 
differ from the original essentially in the size of the spore heads and the length of the 
conkliophores. Five distinct mutants were derived from a single-conidial culture of 
CoUetotricfmn lugenarkm. These mutants differ in general colony characters; produc- 
tion and position of acer\Till; mycelial characters, color, zonation, density of growth, 
sclerotia, and presence or absence of aerial mycelium. Five isolations ot Glomerella 
(dngidata from, various sources gave three cultures which mutated and two which did not. 

yCIauseu, B. F. A new fungus concerned in wither tip of varieties of Citrus medico. 
Fhytopath. 2: 217-234, 1911. ■ 
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From these three strains six mutants were obtained, only two of which appear identical 
in culture. Mutation is evidenced in these races of Glo7nerella emgulata on agar in 
general colony characters; production of acervuli; production and kinds of penthecia; 
mycelial characters, color, zonation, and presence or absence of aerial mycelium. On 
apples the mutants differ in color of spot produced; general surface appearance of spot; 
nature of rot; rate of rotting; abundance and position of acervuli; abundance and kind 
of peritheeia ; abundance of aerial or surface mycelium. 

All of the mutants are permanent in character and do not revert to the original 
form even when grown for a long time on their normal host. Certain apparent rever- 
sions occur in sectors of mutant colonies, but the whole colony never changes. Mutants 
may give rise to further mutations. Experimental attempts to produce mutation arti- 
ficially and to secure new races of fungi by selection have failed. Modifications pro- 
duced by environmental changes, poisons, modified media, etc., revert to the original 
form when grown again under normal conditions. Mutation is common in certain fungi 
in culture and possibly is responsible for new races and strains in nature. 

SingU-spm^e isolation simplified.— "B. N. Hansen. 

Glass capillaries slightly greater in diameter than the spores to be isolated are filled 
by capillarity from a spore suspension made in warm nutrient agar. After a few trials 
a spore dilution giving from 1 to 4 spores to a tube 3 cm. long is easily made. The 
filled capillaries are then examined under the microscope and broken up according to the 
number and position of the spores observed. The resultant pieces are again examined 
to make sure that each contains one spore only, then picked up with forceps, immersed 
in alcohol to sterilize the outside and placed in the desired medium. Hy using solid 
rather than liquid medium the capillaries may be broken without disturbing the contents 
and sterilized wdthout injury to the spores. If a culture from a single hyphal tip 
desired, the piece of glass tube with the spore is pressed to the bottom of the medium 
in a petri dish, where germination may be followed under the microscope. When the 
germinating hyplia has grown beyond the end of the tube, ft is cut off and the glass 
removed. A single hyphal tip is easily obtained in this maimer because of the micro- 
scopic size of the tube. 

Trampiratkm of healthy and Uighted tomato plants (Western yellow tomato lUght).— 

Michael Shapovalov. 

It lias been shown previously by the writer that a elose and direct correlation exists 
between the rate of evaporation and the progress of ■Western tomato blight. The envi- 
ronment, whether natural or artificial, which tends to reduce the rate of eva,poration 
from atmometers and the rate of transpiration from the plants is likely to reduce also 
the percentage of blight. It may have been expected that varieties possessing a greater 
transpiratory power would be more susceptible to blight than those which transpire less, 
but this does not necessarily appear to be the case. Dwarf Champion, which is y 

recognized as more resistant to Western blight than Stone, shows a higher rate o lans 
piration than does the latter. A few other varieties behave similarly. 

The rate of transpiration of blighted plants progressively decreases as the disease 
advances toward its last stage, culminating in a pronounced yellowing and death of the 

The transpiration data have been obtained with growing plants by means of the 
cobalt-chloride paper method as well as with cut shoots in potometers. 


764 


Phytopathology 


[VoL. 16 


Breeding lettuce for Up-burn resistance.’— -J. B. Bghekrjsr and T. E. Rawlins. 

Breeding and selection work ■vvas begun in an endeavor to develop a tip-burn re- 
sistant head lettuce. 

Iceberg variety, while not immune, shows considerably more resistance to tip-burn 
than the New Y^ork variety. Iceberg and New York were crossed in an attempt to 
develop a variety having the desirable characteristics of New York and the tip-burn 
resistance of Iceberg. The red color of Iceberg was found to be dominant, all of the 
plants and approximately three fourths of the plants showing some red color. 
The Eg plantings contained about one-half as many tip-burned plants as the New York 
planting, and most of the tip-burned E^ plants were less severely injured than the dis- 
eased New York plants. Approximately 15 per cent of the E^ plants were very similar 
to the New York variety in that they had hrm heads, no red color, and the New^ Y'ork 
type of leaf texture. 

Inheritance of resistance to Eelmmthospormm ealifomicum in a cross between Chevalier 

barley j a resistant variety , and Abyssiniian, a susceptible variety. — ^W. W. Mackie. 

Within the past few years a serious disease of barley, caused by a new fungus 
identified as HelminthosporUm calif ornicumf has appeared in California. The name 
rusty blotch has been given to it because of the large, rusty colored lesions appearing 
on the leaf blades. Among the hundreds of barley varieties examined, one, the Chevalier, 
a two-rowed variety, appeared immune. Crosses and reciprocal crosses between Abys- 
sinian, a higher yielding, lodging resistant, but rusty blotch susceptible variety, and 
Chevalier gave plants free from rusty blotch in the Ej generation, indicating the domi- 
nance of resistance. In the generation approximately one-fourth of the plants were 
attacked, with the remainder free from rusty blotch, indicating an inheritance of resis- 
tance to nisty blotch in a simple 3 : 1 ratio due to a single factor for resistance. 

This species ci'oss, Chevalier (Eordmm distic/mm) x Abyssinian (JSordewn de- 
fidens), gave plants wdiich segregated in a 1:2:1 ratio or one-fourth homozygous M. 
distichum plants, one-half intermediate or heterozygous plants, and one-fourth homo- 
zygous BT. plants. 

All three of these groups of segregates were found to include rusty blotch infected 
plants in approximately a 3:1 ratio, as was found for the F^ group as a whole. 

These ratios will be cheeked by plant-to-row tests in the E^ generation. 
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STUDIES OF CEOWNGALL AND WOUND OVEEGROWTH ON 
APPLE NURSERY STOCKS 

A. Biker and G. W . Keitt 

INTRODUCTION 

As far back as records are available to the writers, it appears that a large 
percentage of apple nursery trees propagated by the root-grafting method 
have been affected by enlargements, or overgrowths, most of which ordi- 
narily develop about the union of stock and cion. Much difference of 
opinion has existed both as to the cause of these enlargements and their 
effects upon the plants. Following the discovery by Smith and his cc^- 
workers (24, 25) of the causal relation of Bacterium tumefaciens Smith and 
Town, to galls on various plants, including the apple, the malformations so 
commonly found about the unions of root-grafted apple nursery trees have 
been rather generally attributed to the action of this organism, and the sale 
of crowngalled apple trees has been prohibited by law in many states. In 
their comprehensive accounts of crowngali, Smith et al (25, 26) report that 
Bad. tumefaciens occurs inside the cells of plants which they studied, stimu- 
lating abnormal activities which lead to the development of primary 
tumors,^’ tumor strands,’^ and '^secondary tumors.’^ While these papers 
contain no demonstration that tumor strands’’ and ^'secondary tumors” 
occur in young apple trees, it has been widely assumed that such is the ease, 
and that a tree once affected by crowngali is subject to the danger of recur- 
ring development of secondary tumors.” Recently, however, Riker (15, 
16) in the United States and Robinson and Walkden (22) in England, 
working independently, have reported that, in the host plants which they 
studied, the crowngali organism was intercellular and that tumor strands” 
appeared in their experiments only following infection in the region of a 
condensed bud where there was subsequent elongation of the internodes. 
Levine (7) has corroborated this work on tumor strands,” These con- 
tributions appear to show that crowngali infections are much more localized 

1 Published with the approval of the Director of the Wisconsin Agricultural Experi- 
ment Btation. 
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in their development than was previously supposed, and that there is no* 
convincing evidence to demonstrate that tumor strands’’ or secondary 
tumors” play any significant part in crowngall of apply nursery stock. 
In consequence of these and other developments, a reconsideration of many 
aspects of the crowngall question seemed desirable. A committee repre- 
senting the American Phytopathological Society, the American Society of 
Horticultural Science, the American Association of Economic Entomologists, 
and the American Association of Nurserymen was appointed to consider the 
question of official nursery inspection for crowngall. This committee held a 
crowngall symposium in connection with the annual meeting of the Amer- 
ican Association for the Advancement of Science at Cincinnati in 1923 [see 
Stewart, (29)]. Among the points emphasized at this symposium were the 
difficulty of diagnosis of malformations on nursery apple trees and the in- 
adequacy of available information concerning many important aspects of 
the general crowngall problem. 

Following the Cincinnati meetings a research project was organized^ 
whereby coordinated programs were initiated at the Iowa State College of 
Agriculture and Mechanic Arts and the University of Wisconsin. This 
paper contains an account of the work in progress at Wisconsin, preliminary 
reports of which have appeared (17, 18). 

STUDIES OF crowngall 

A better understanding of the details of infection of grafted apple 
nursery stock by Bact, tumefdciens and of the characters of the resulting 
gaUs appeared to be of first importance. Accordingly, a study was made of 
the mode of infection by this organism and the development of the galls in 
various stages until their decomposition. For experimental plants the 
Wealthy variety of apple was chosen, because it is reported by many 
nurserymen to show commonly a very high percentage of root knot. Un- 
less otherwise noted all the experimental apple trees and apple grafts men- 
tioned in this paper are of the Wealthy variety. It was hoped that by 
adhering rather closely to one variety the results would be more nearly 
, comparable. The plantings were all made, unless otherwise noted, in the 
greenhouses and gardens of the Department of Plant Pathology of the 
/ University of Wisconsin. Material both under glass and out of doors was 
■ given daily attention to provide water, drainage, sprays, and whatever was 
needed for favorable growing conditions. 

2 TMs work, wMcb is beiag admiaistered by tbe Crop Proteetion Institute through 
a committee , CO, asisHag of X., B. Melhus (Ohaiman), G. W, Keitt, and M. F. Barrus, is 
supported cooperatively by the Ameidcau Association of Nurserymen and individual 
nwerymon, the lom Btate College of Agriculture and Mechanic Arts, and the Uni- 
versity of Wiscoutin, in collaboration with the ^United States Department of Agriculture. 
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The crowngall organism appears to be capable of utilizing several dif- 
ferent types of injuries to the external parts of the apple plant as infection 
courts. This was determined in an experiment in which injuries were made 
on the cion below the ground line on 20 one-year-old trees by a series of 
needle punctures, on 20 more by knife cuts, and on 20 others by bruises 
produced by blows from a hammer. In each case the crowngall organism 
used in previous work by Riker (15) was promptly applied in suspension 
in sterile distilled water to the surface of the wound. The technique was 
such, therefore, that the bacteria were not carried into the tissjie in making 
the wound. The trees, which were dormant and rather dry at the time of 
injury, were planted May 1, 1925, and harvested the following fall. When 
the trees were dug those wounded by needle punctures showed eleven trees 
erowngalled, five smooth, and four dead; those wounded by knife cuts 
showed nine trees erowngalled, three smooth, and eight dead; while those 
wounded by hammer blows showed eleven trees erowngalled, four smooth, 
and five dead. A higher percentage of infection would probably have oc- 
curred if the organism had been carried into the tissue by the injury and if 
the trees had been actively growing instead of dormant at the time they were 
inoculated. Several of the dead trees bore the remains of decayed galls 
on the underground parts. From these experiments it is evident that 
crowngall infection may take place through any of the types of wound 
provided. 

Infection of apple by Bmt. tumefaeienSym conformity with reports by 
Smith et al (25) and Riker (15) for other plants, has been observed to 
occur only through wounds. The fresh unwounded callus on apple grafts 
appears not to be a common avenue of entry for this organism. Experi- 
ments on this subject were performed in the spring of 1924, when 100 
grafts were prepared under conditions designed to exclude tume- 

faciens. The cions and stocks were dipped for one minute in an aqueous 
solution of mercuric cyanide, 1-1,000, and the knife was dipped before each 
cut in an aqueous solution of mercuric chloride, 1-1,000. After being 
eallused in clean sand, the grafts were planted in soil on which no crop sus- 
ceptible to crowngall had been grown for a number of years and which had 
just been steamed by the inverted pan method described by J ohnson (4) . As 
soon as the steaming was completed the treated soil was enclosed by boards 
to. prevent washing by rain water. Successive lots of 10 of these grafts 
were inoculated at 10-day intervals, beginning with the day of planting. 
The earth was removed so as to* expose the callus at the union, care being 
taken to avoid injury. The fresh callus and the earth immediately sur- 
rounding it were irrigated with one-half co. of a concentrated water sus- 
pension of the crowngall organism which was used by Riker (15) in earlier 
studies. The soil was then replaced. In this experiment as in others the 
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fresh callus was found to* be somewhat resistant to wetting. In cases in 
which the inoculum would not adhere to the surface it was placed on soil 
which was then brought in contact with the callus. Control inoculations by 
needle punctures on tomato* and apple showed that the culture employed was 
pathogenic to both and that the environmental conditions of the experiment 
were favorable for the development of crowngall. When the trees were dug 
in the fall 85 were living but no crowngall was found. At the same time 
the above planting was made 60 commerciar grafts which had been wrapped 
with unwaxed thread were dipped in a water suspension of the erowngall 
organism and planted in soil which had been liberally sprinkled five days 
previously with a similar suspension. Only one crowngall was found in 
this lot of trees when they were harvested at the end of the first growing 
season. Control inoculations by needle punctnres on both apple and tomato 
produced well developed crowngalls. These experiments suggest that the 
callus at the union of apple grafts is not commonly an open infection court 
for the crowngall organism. 

The above experiments were repeated in the growing season of 1925, 
when, however, only commercial grafts were planted. They were placed in 
soil which had not been steamed and which was not inoculated. As before 
60 grafts were dipped in a water suspension of the crowngall organism at 
the tira.e of planting. When they were dug in the following fall, none of 
them showed crowngall As in the previo*us year 100 grafts were employed 
in an experiment in which the soil was removed from the unions of suc- 
cessive lots of 10 plants, at 10-day intervals, and one-half ec. of a water 
suspension of the crowngall organism was applied to the callus tissue and 
the soil at each union. When these plants were dug in the following fail 
only two of them had produced crowngalls. An additional series of 50 
grafts was planted. On the day of planting three grafts received one-half 
ec. of the type of bacterial suspension just described. At three-day inter- 
vals, additional successive lots of three received similar treatments. When 
the grafts were dug in the fall none of them bore crowngalls. With each 
series of these experiments check inoculations on tomato and apple showed 
the cultures employed to be pathogenic to both and the environmental 
for the development of crowngall (PI XXXVIII, 
B). These results corroborate those of 1924 and indicate that, under the 

unioduped'tissne 0 ‘f young ' 
apple. trees^Jneluding the callus at the union of grafts, was commonly an 

MmefadenB. 

Though many writers on crowngall appear to have assumed that the 
callus tissue on apple grafts commonly serves as an open infection court 
for Smt. the present writers have been able to find no record 

Until such evi- 
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denee is adduced, therefore, this assumption appears to be unwarranted. 

Attention was next given to the characters of crowngall in various stages 
of its development on nursery apple trees. The crowngalls used for this 
work were induced by inoculations with the organism used in previous 
studies by Eiker (15). The material studied comprised approximately 500 
galls of different ages on grafts and young trees grown both in the green- 
house and in the field. The characters of these galls were indistinguishable 
from those of additional galls which occurred on apple trees from com- 
mercial nurseries and which yielded the crowngall organism in isolation 
studies. The term crowngall as employed in this paper refers to the true 
bacterial disease as it appeared in this material. It will be found that the 
description of crowngall which follows applies to only a small percentage 
of the knots found on commercial nursery apple trees. Other knots which 
have been confused with crowngall are described in a later section of this 
paper. 

The microscopic appearance of crowngall on apple is quite similar to 
that described by Smith et al (26) for the Paris daisy and by Eiker (15, 16) 
for the tomato. The interior of the gall proper appears to be composed for 
the most part of comparatively soft tissue interspersed with varying amounts 
of vascular elements. In some eases the gall, though comparatively soft in 
the early stages of its development, may have woody elements formed to such 
an extent that it becomes very hard (PL XXXIX, E, F, and PI. XLII, A, 
B). The terms soft gall and hard gall may both be accurately applied to 
malformations induced on apple by the crowngall organism. However, the 
soft gall is the more common type. Eegions of hyperplastic and hypertrophic 
tissue are readily found, but the more extreme types of the latter, as seen 
in the more succulent tissue of tomato and tobacco, did not appear in the 
apple material studied. In some places small centers of rapidly dividing 
cells may be seen which appear to be initiating new regions of hyperplasia. 
Cells with walls which are thickened in the manner of xylem tissue some- 
times appear as isolated units and at other times they seem to approach the 
organization found in vascular bundles. In places, in connection with these 
woody elements, the arrangement of certain cells has suggested medullary 
rays, cambium, and cortical elements. In some of the galls structures were 
observed which gave the appearance, within a limited area, of several layers 
of cambium arranged at different distances from the surface (PI. XLII, A, b, 
b' ) . The gaU appears to enlarge by growth within the softer tissues beneath 
the surface, rather than by the callus type of growth (PL XLII, D, E), as de- 
scribed on a later page, or by the type of secondary thickening that follows 
cambial activity. The structure of the gall varies considerably at different 
stages of development and in different parts. It is common to observe tissue 
in the gall which is quite similar to callus and wound tissue. It has already 
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b^en suggested that a very close relationsliip exists between the pathological 
developments stimulated by the erowngall organism and those by various 
chemicals (27) and injuries (20). The surface of the gall appears not to 
consist of any specially differentiated tissue. It is quite common to find 
the outer cells dead (PL XLII, A, a). 

The gross appearance of crowngalls (PL XXXVIII, A, B, C) is in close 
conformity with the characters obsexwed under the microscope. The surface, 
which is comparatively smooth like that of crowngalls on peach and rasp- 
berry, is frequently covered by dead cells. A definitely organized cork layer 
has not been found on the gall proper but it may occur in connection with 
wound tissue wherever the erowngall is associated with wound overgrowth. 
However, the dead cells on the surface sometimes resemble cork. The 
granular, frosty appearance of the surface of fresh callus is not common and 
when it does occur it is usually limited to rather small areas of the surface 
of older galls. On the larger galls it is frequently found that certain por- 
tions have begun to decay. Small roots or root primordia seldom if ever 
originate from the erowngall proper. In cases in which roots have been 
observed in association with a erowngall they have been found to occur in 
connection with wound overgrowth that was adjacent to the gall. Wound 
tissue has been found in such position on a small percentage of the trees as 
if in response to an injury produced by the tumor. This is in conformity 
with a report by Muncie (11) that an infectious type of hairy root may 
arise from a gall. The gall tissue, as Smith et al (25) have reported, con- 
tains more oxidase than cortical tissue and turns brown more quickly upon 
exposure to the air. Crowngalls on the above ground portions of apple 
trees have been found to be smaller and harder than those below the soil 
line. This is probably due largely to the drying influence of the air as 
shown by Biker (19) on raspberry. 

The characters of erowngall are sometimes obscure, especially on ma- 
terial eofleeted in the nursery, because erowngall proper and excess callus 

i ' or wound overgrowth, which are described later, may merge in a common 
enlargement* Crowngall may also occur from infection of callus or wound 
overgrowth. Since all of these overgrowths are initiated in wounds and 
are somewhat similar in gross characters, it is not surprising that they have 
been confused* ,, 

: ; ' . The identity of the orowngaUs employed in these studies was checked 
by demonstrating through numerous isolation and reinoculation tests that 
they contained the crowngall organism. Baci, tumefaciens has been found 
to be continually present in undecayed portions of crowngalls at all stages 
of their dev^opment. Some of the gaUs studied were of considerable size 
and were doubtless several years old* The details, of isolation technique 
and the nnmber of CDlargements examined are given on later pages in con- 
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Difference of opinion exists with regard to the seat of the stimulus which 
incites the development of crowngall. The f allowing facts suggest that the 
bacteria within the gall, rather than those on the surface as reported by 
Robinson and Walkden (22) for daisy, furnish the stimulus causing the 
development of crowngall on apple : (a) Bact, tumefaciens was isolated con- 
sistently and in abundance from the interior tissues of known crowngalls, 
(b) growth of crowngalls occurs primarily from the interior rather than 
the surface cells, and (c) the presence of the causal organism on the un- 
broken surface of host parts, even on fresh callus, did not induce gall de- 
velopment in the experiments reported above. 

Galls induced by the crowngall organism appear under certain condi- 
tions to be subject to decay by secondary invaders. As reported above, a 
considerable number of the galls resulting from inoculations on grafts and 
one-year-old trees showed various stages of decay when they were dug in 
the fall. This fact is not surprising, since crowngall tissue is commonly 
soft and unprotected. It has been frequently observed in storage that, 
under conditions of comparatively high temperature and moisture in the 
spring, the rot organisms attacked the cortex of crowmgalled trees in such 
manner as to girdle them. This type of injury has been observed to occur 
also on crowngalled trees in the field. Injury of this character was respon- 
sible for the loss of many of the inoculated grafts and trees in the green- 
honse in two separate Wisconsin temperature tank (Jones, 5) series set up 
to determine the influence of soil temperature and soil moisture on the de- 
velopment of crowngall on apple. Practically all the apple trees at tem- 
peratures above 20° C. and at the same time in soil with a high moisture 
content were killed in this way. On the other hand, crowngalls have been 
kept very well in storage under conditions of low temperature and low mois- 
ture. Crowngalls from the previous year have been found in excellent con- 
dition on both apple and raspberry in the field in Kansas during the month 
of March and in Wisconsin during May. In some cases where the gall was 
badly decayed new gall tissue has been fonnd to grow from the margin. 
Cultures of the crowngall organism have been secured without difficulty 
from these several types of specimens. So it is evident that, although 
crowngall on apple is quite subject to decay, it can persist from one grow- 
ing season to the next on the host plant and thus supply a new potential 
source of inoculum after the winter. 

Injury incident to crowngall infection of young apple trees has been 
observed to lead to unsatisfactory growth or death. The constriction-like 
effect described by Levine (6) and the reduction in water flow shown by 
Mnncie (12) are probably, factors in the inhibition of growth. However, the 
most serious source of injury probably results from the rot induced by sec- 
ondary invaders. It appears that sooner or later bacterial crowngalls are 


772 


Phytopathology 


[VoH 16 


largely destroyed by such invaders, which are likely also to attack the cortex 
of yoxing trees and induce girdling. 

Various antiseptics were tried in the early phases of this work in an 
effort to control crowngali on apple. Among those employed were Bor- 
deaux mixture, copper carbonate, lime-sulphur, sulphur, dry lime-sulphur, 
slaked lime, bleaching powder, lithium carbonate, sodium silicate, zinc 
chloride, ammonium hydroxide, potassium permanganate, ferric chloride, 
ferric sulphate, aluminum chloride, tannic acid, furfural, toluol, carbon bi- 
sulphide, laundry soap, and several organic mercurial compounds. Before 
they were tried on apple grafts in the field an idea of their toxicity to plants 
and their efficiency against crowngali infection was gained by tests on 
tomato plants in the greenhouse. These experiments indicated that with 
the materials used treatment previous to inoculation was of comparatively 
little value, probably in part because the wounds which were made to permit 
the entrance of the bacteria broke through the covering provided by the 
antiseptics. Treatment subsequent to inoculation was effective only when 
applied within a short time and then only where the antiseptic killed the 
cells that formed the infection court. About 11,000 grafts were treated in 
the field in lots varying from. 60 to 200. In some cases the cions and roots 
were treated before the grafts were made. The antiseptics were applied 
only to grafts which were wrapped with waxed thread. The grafts were 
treated by dipping them into solutions, by dusting them, by planting them 
in sprayed and also in dusted trenches, and by puddling them in soil which 
had been treated with various antiseptics. These experiments were con- 
ducted for the most part at the North Star Nursery at Pardeeville, Wis- 
consin. The details of this long series of experiments are omitted because 
no satisfactory control of the malformations dealt with was secured. 

A commercial preparation of hydroxymercurichlorophenol gave less 
promise of control of crowngali than some of the other compounds when 
tried gainst experimental inoculations. This was tested first on tomato 
plants. Twelve tomato stems were punctured five times each with a sterile 
needle. The first three plants were dipped in a solution of the commercial 
product, 1-400, and after an interval of a half -hour received a water sus- 
pension of the crowngali organism. In all the inoculations of this series 
the bacteria were applied with a camePs hair brush. The stems were still 
wet with the hydroxymercurichlorophenol solution at flie time the bacteria 
were applied. The next three plants received the same treatment except 
that the bacteria were applied immediately after the plants were dipped in 
the solution and wffiile the stems were well covered with it. The next three 
tomato plants receded the application of the bacterial suspension promptly 
after .wounding and were then dipped in the solution after an interval of 
leii/ 
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except that a half -hour elapsed between the application of the bacteria and 
the treatment with the solution. The plants were all placed in the green- 
house under favorable conditions for the development of crowngall. The 
chemical produced no visibly injurious effect upon either the tomato stems 
or leaves. After three wrecks the 12 tomato plants each showed five well 
developed crowngalls. This experiment easts doubt upon the value of 
hydroxymercuriehlorophenol as a direct preventive of crowngall infection. 
A similar experiment was tried with another commercial preparation of 
hydroxymercuriehlorophenol manufactured by a different company. Like 
results were obtained. 

When apple grafts were dipped in a solution of hydroxymercurichloro- 
phenol, T-400, it was noticed that the fresh young callus became somewhat 
brown. This discoloration appeared to a less extent following dipping in 
water, and in a still smaller degree after exposure to the open air. The 
injury from several mercurial preparations was considerably more conspicu- 
ous when they were employed in the form of a dust. Many other chemicals 
used produced considerable injury to the fresh callus. 

The possibility of controlling infection of grafted apple nursery stock 
by the crowngall organism wdth antiseptics appeared still less promising 
when it was learned that the fresh callus, the part which it was sought par- 
ticularly to protect, probably is not ordinarily an open infection court for 
Bact, iumef miens. Furthermore, as the experimental work progressed, it 
became evident that the great majority of the malformations encountered 
below the soil line on grafted apple trees in the nursery, aside from the well 
known enlargements caused by woolly aphis and nematodes, were not caused 
by Bact. inmef miens. Consequently, it became necessary to shift the major 
attention from crowngall to these other malformations. Several recent re- 
ports of the control of ^ ^ crowngalF / by antiseptics are discussed on later 
pages. 

STUDIES OF CAUUUS AND WOUND OVERGROWTH 

Since the malformations found on most of the root-grafted apple trees 
rejected as crowngalied at the nurseries had different characters from galls 
produced on young apple trees by inoculations with cultures of Bmt, tume- 
f miens j an attempt was made to determine their nature, cause and control. 

Superficially, these enlargements resembled the bacterial galls. How- 
ever, closer examination in their various stages of development revealed 
distinct differences. The first stages observed were callus developments about 
wounds. In the early stages, growth of this callus occurred chiefly through 
the division and enlargement of the surface cells (PI. XLII, B; XLIV, B j 
and Pig. 1). This tissue, which had a white, frosty appearance when fresh, 
was somewhat resistant to wetting but very susceptible to injury from 
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various cliemicals, or even from exposure to tiie open air. On later pages 
these early stages of development are referred to as callus. While such 
callus tissue was occasionally found on parts of overgrowths which were as 
much as three years old, more commonly a phellogen was differentiated in 
the first or second year and a cork layer formed. Prom this time growth 
of the knots appeared to result chiefly from the activity of a cambium layer. 
Their interior was commonly, but not always, very hard, due to the presence 
of wood. Indeed, it was often more difficult to cut with a knife than the 
stem proper because of the irregularity in arrangement of the woody ele- 
ments. This interior tissue appeared to contain much less oxidase than that 
of erowngall (PI. XXXIX, E ) . In the succeeding pages, in view of evidence 
which will be presented, these malformations in this stage are called wound 
overgrowths. These enlargements were often very irregular in contour, 
due partly to the development of root primordia and roots. Zimmerman 
(34) has reported similar developments on hard-wood cuttings. Not infre- 
quently a considerable number of roots grew out and produced the appear- 
ance of the common woolly knot^V (PI. XXXIX, D) . In some cases very 



Pia, 1. — Bection at the surface of fresh, young callus on a Wealthy apple graft, 
cells at the surface were alive and actively dividing. Drawing 
made with the aid of a camera lucida. 


The 


peculiar forms were produced hy abortive and f asciated root development, 
which had some resemblance to balls of knotted string. Sometimes, as in 
Plate XXXIX, A, and XL, C, D, the diameter of the main axis below the 
enlargement was less than that above. As has been mentioned before, cases 
occasionally were found in which wound overgrowths occurred in combina- 
tion with erovrtgalL 

In view of Hie fact that the malformations just described have commonly 
^ to be erowngall, a bacteriological study of these enlargements 
! Was adopted with the aim of securing 
> accuracy and consistency from the method in the hands 
. op^ators. JThe wieiters were very ably assisted in these isolation 
Hoggan, L. W. Boyle, and W. M. Banfield. 
of the mdwidulps who performed this isolation work practiced on 

organism ■ 
:hl"peamaitted . 
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The procedure in the isolation work during the winter o-f 1924:~1925 was 
as follows. The culture medium employed was composed of 17 gm. of agar, 
three gm. of beef extract, 10 gm. of peptone, 10 gm. of dextrose and 1,000 cc. 
of distilled water. The medium was prepared in the usual manner and ad- 
justed to pH 7.0. The surface of the malformation to he examined was 
thoroughly cleansed with water. A portion of the interior was exposed 
with knives which were dipped in alcohol, flamed, and manipulated in ac- 
cordance with the usual technique employed for securing interior tissues 
free from external contamination. By proceeding in this manner a portion 
of tissue was secured which was nearly or entirely free from surface con- 
taminations. In the early phases of the work the surface of the gall was 
treated with mercuric chloride, 1-1,000, hut this practice was soon discon- 
tinued because it appeared to reduce the chances of securing the crowngall 
organism. After a small bit of tissue, approximately one-sixteenth to one- 
eighth inch cube, was exposed under the conditions just described, it was 
removed to one cc. of sterile distilled water in a sterile petri dish where it 
was crushed or cut into very small portions. By this procedure fragments 
were removed from at least five different representatively distributed parts 
of the knot under examination including outer and inner portions, a sepa- 
rate petri dish being used for each portion of tissue cultured. After the 
crushed tissue had stood in the sterile distilled water approximately one- 
half hour to permit the diffusion of bacteria the plates were poured in the 
usual manner. At one time nutrient broth instead of distilled water was 
employed, but under the conditions of this work there appeared to be no 
advantage in using broth. The plates, which were incubated at approxi- 
mately 22^" C., were examined at frequent intervals and puncture inocula- 
tions into tomato stems were made from colonies which most resembled those 
of Bad. iumefaciens. Similar inoculations were also made from colonies 
of various types. For possible future study, transfers to agar slants were 
made from many of the colonies chosen for inoculation. These colonies were 
usually selected on the fourth or fifth day. However, no plates were dis- 
carded without being examined after they were at least 10 days old. Check 
inoculations with a known culture of the crowngall organism were made with 
each series. Ail the inoculated and control plants were kept, appropriately 
segregated, on a greenhouse bench where the temperature was approxi- 
mately 22"* C. and other conditions were favorable for the development of 
galls. Although the tomato plant was always employed, inoculations were 
also made from time to time on tobacco and geranium. With the various 
cultures used, these plants consistently yielded results which conformed with 
those on tomato. Ordinarily under the conditions of these studies the galls 
developed from inoculations with Baoildumefaoiens on tomato so as to be 
visible in seven days and conspicuous in ten days. However, the results 
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wore nevor rBcorded as negative until an examination was made at least a 
month after the inoculation. The results on herbaceous plants were checked 
by inoculations on apple. Twenty-two inoculations on apple were incubated 
for two months, and 50 more on apple were incubated for an entire growing 
season. At the end of these periods all the trees were free from any en- 
largement, except those inoculated with the cultures which were positive 
on tomato. In every case the original knot cultured was kept and numbered 
in ease further examination might be desired. Records which included 
entries under forty-nine different heads were kept for each knot examined. 
A sample of the record sheet is omitted because of its size. The writers un- 
derstand that this technique is similar to that employed by Brown (1) in 
her work on the apple stem tumor. All cultural examinations referred to 
on later pages were made by this technique or the slightly modified method 
used in 1925-1926. _ 

The efficiency of the isolation technique was tested at frequent intervals. 
For approximately every five trees cultured a cheek isolation was performed 
on erowngall of apple induced by inoculation or on croAvngall of peach, 
cherry, or raspberry from natural infection. In 1924-1925 positive results 
were obtained from 44 of 46 such crowngalls. In this work, it was very 
common to secure the erowngall organism from three or four of the five 
pieces of gall selected for plating. In general practice it was found that on 
the average the erowngall bacteria were secured from approximately seven 
of every ten of individual pieces tried from known crowmgall material. 
Consequently five separate attempts were made from each knot because it 
was desired to maintain a high degree of accuracy in the technique em- 
ployed. It is considered very important that numerous checks should be 
made on the technique of isolations, because otherwise certain errors might 
creep in and reduce the accuracy of the studies. 

Attention is invited to several other points in the procedure at which 
error may enter unless due precautions are taken, (a) It appears to be 
necessary for success in making isolations that the material should be fresh 
and the portion used should be free from decay. Two dozen attempts at 
isolation from decayed erowngall tissue have given uniformly negative re- 
sults. A consideration of what becomes of the erowngall organism in de- 
cayed tissue is beyond the scope of this paper, (b) When inoculations are 
made on tomato plants to test the pathof enleity of the different cultures pre- 
cautions diould fee taken to ptewent,tifee hfiteA from being spread from one 
inoculation to anotlicr whence plants ate watered. The possibility of this 
means ;^nsfer was tested! fey placing a. half dozen potted tomato plants 
.inoculated A places among a half dozen plants which were wounded by 
needle in ^10 pllcea but uninoculated. All the plants, which 

were placed side by side On a gteenhoitse bench, were then watered Avith a 
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liose in the usual manner. After three weeks infection was found at 92 per 
cent of the punctures on the inoculated plants and at 21 per cent of the 
punctures on the wounded but uninoeuiated plants, (c) Another possible 
source of error is in the manner of making injuries for inoculations. This 
is especially important with woody plants, as apple, but is also important 
with some of the more herbaceous plants. The resemblance between crown- 
gall and wo-und reaction on tomato has been discussed by Riker (20). In 
cases in 'which large wounds were made in woody plants, but no inoculum 
applied, small rather hard enlargements were sometimes produced after a 
considerable period. These resulted from the wounding, without the inter- 
vention of Bact. tumefaciens. Such overgrowths, however, might be con- 
fused with erowngall if not understood. These experiments are described 
on later pages. Meanwhile, it should be observed that infection with Bact 
iumef&ciens may be obtained consistently without making large wounds, 
(d) Certain other types of reaction which appeared to be associated with 
bacteria, but which, however, are not typical of erowngall, deserve more 
detailed consideration. 

The interiors of the wound overgrowths on the apple material cultured 
were found sometimes to^ he sterile and sometimes to contain various types 
of bacteria. In agar plates some of these organisms produced colonies that 
resembled those of Bact. Uimefaciem. The presence or absence of the dif- 
ferent bacteria varied ■with the organization of the woody and softer ele- 
ments, In places in which the usual type of cortex, as it occurs in apple 
stems or roots, covered a regular formation of xylem elements, bacteria 
very rarely were found. However, they often 'were isolated from places in 
which the wood and soft tissue elements were very considerably gnarled and 
twisted (PL XL, B, D and PL XLII, C). In such locations it 'was not un- 
common to find small particles of soil which had probably been incorporated 
in the tissue as it enlarged in close contact with the soil. Different organisms 
from such regions showed a wide range of growth characters, fermentation 
reactions on sugar media, and dye absorption. The details of these experi- 
ments are omitted from this paper because the studies are incomplete. 
When the bacteria found in the wound overgrowths were inoculated into 
tomato the wounds in most eases corked off in the same manner as wounds 
made by puncture with a sterile needle. Such wound response in tomato 
has been observed to be comparatively small except at times in s-oft tissue 
near the top of the stem. In this position it has sometimes produced an 
enlargement which attained an elevation of one or two mm. in a month. A 
few of the bacteria isolated from wound overgrowths, however, appeared 
’to induce certain reactions, three of which deserve mention. (A) In certain 
instances various degrees of rotting of the tomato stem tissue about the 
point of inoculation have resulted. The more extreme types suggested the 
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rot induced by Scuiillus cdToiovofus Jones on carrot. Sucb. a reaction lias 
not been observed to be induced hj Bcict. tuMefciciens. (B) In some cases 
the type of development just mentioned was followed several weeks after 
the inoculation by a slight enlargement. This was ordinarily quite small 
in comparison with crowngalls of the same age. (C) In some other cases 
rather similar swellings in the tomato stem tissue at the point of puncture 
were noticed where no rotting of the tissue occurred. These were very small 
in comparison with erowngalls of the same age which were induced by a 
known culture, being only slightly larger than the swelling which sometimes 
follows the puncture with a sterile needle. Similar swellings have been 
noted occasionally to develop about wounds in which either steamed or un- 
steamed soil had been placed. They suggest some of the swellings which 
were induced by Smith (27) with various chemicals. The identity of the 
organisms that appear to be associated with these enlargements has not yet 
been determined. In view of the facts that (a) they were secured from 
knots on apple which did not resemble those induced by known cultures of 
the crowngall organism, (b) in some cases their cultural characters were 
different from those of this parasite, and (c) the reaction which they in- 
duced on tomato stems was different from that induced by this organism, 
the question is raised as to whether or not they should he called Boot, tume- 
faciens. It appears that considerably more evidence of every kind will be 
necessary before these organisms can be identified. They may be either 
strains of the crowngall organism or distinct from it. They have been 
found in less than ten per cent of the knots esiamined. The organisms 
which were isolated from the interior of wound overgrowths, but which 
induced on the tomato stems no swelling larger than wound reactions to the 
inoculating needle, have not been identified. When placed in needle punc- 
tures they have failed to induce any suggestion of crowngall on tomato, 
geranium, tobacco, or apple. It is not surprising that the colonies of some 
of these bacteria on agar plates resembled those of the crowngall organism, 
since the distinguishing characters of bacterial colonies on agar plates are 
comparatively few and there are many kinds of bacteria in the soil. It 
seems, probable that these bacteria were soil organisms which gained en- 
trance to the tissues of the wound overgrowths and survived. 

V - Smith al (25) repbf it ^ereucea in cultural characters of certain 
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of the technique described above, an examination was made of the over- 
growths of 227 of these trees which were selected at random to include repre- 
sentative specimens from each lot. The trees were of various sizes and 
ages. Of the total number 103 were less than one year old, having been 
collected at intervals from the day of planting to the end of the growing 
season. Of the 227 malformations approximately two per cent had the 
characters of crowngall as described above. These two per cent readily 
yielded bacteria which, when inoculated into tomato, geranium, tobacco, or 
apple induced crowngalls indistinguishable from those caused by known 
cultures of the crowngall organism. Approximately eight per cent more 
of the malformations yielded organisms which, when inoculated into sus- 
ceptible plants, induced slight swellings which were much smaller and slower 
to develop than those induced by Bact. tumefaciens. These eight per cent 
possessed either the characters of wound overgrowths or a mixture of those 
of wound overgrowths and crowngall. The relationship of these bacteria 
to the enlargements from which they came has not been determined. The 
other 90 per cent of the enlargements examined had the characters of wound 
overgrowths. The interiors of these enlargements were either sterile or 
yielded organisms that did not produce any evident reaction upon to-mato, 
geranium, tobacco, or apple. The evidence from these studies strongly 
suggests that the crowngall organism is responsible for only a comparatively 
small portion of the malformations on the nursery apple trees studied. 

In the season 1925-1926 the results obtained were similar to those of the 
previous year, except that a slightly higher pereentage of crowngall was 
found. The material cultured was obtained from 15 nurseries in the states 
of Arkansas, Illinois, Iowa, Kansas, Mchigan, Minnesota, Missouri, New 
York, Pennsylvania, and Wisconsin, Most of these nurseries were different 
from those which supplied the trees used in the season 1924-1925. The isola- 
tion technique was varied from that used the year before by employing a me- 
dium similar to that used by Wright (3.3). A 10 per cent stock solution of 
yeast water was prepared by placing 500 grams of starch-free yeast in 5,000 
cubic centimeters of water, steaming for two hours, and autoclaving for one 
hour at 15 pounds pressure. After the insoluble material had settled for 
several days the clear supernatant liquid was used. The medium was made 
of the following components: 



Stock solution yeast water 

DistiUed water 

Bhbasio potassium phospkate (K^HPO^) 

Sodium chloride (NaCl) 

Magnesium sulphate (MgSO^‘7H^O) 

Calcium carbonate (OaOOg) 

Dextrose ~ ” 

Agar ...... 

Reliction adjusted to pH 6.S /. 




100.0 ec. 

900.0 ec. 
4,0 gm. 

.2 gm. 
.2 gm. 
a.O gm, 

10.0 gm. 

20.0 gm. 
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Examination was made of malformations on 156 trees. These were taken 
at random except that no enlargements "were included which w^ere compara- 
tively small in relation to the diameter of the tree. Eleven per cent were 
positive for crowmgall, 8 per cent were doubtful as described earlier, and 
81 per cent were negative. In addition to these specimens, 24 more were se- 
lected for culture because they showed characters of both wound overgrowth 
and crowngall. Of this number 13 per cent were positive for erowngall, 
25 per cent were doubtful, as described earlier, and 62 per cent were nega- 
tive, Of the 21 knots which w^ere positive for the erowngall organism, four 
showed a predominance of the characters of wound overgrowth, five showed 
a mixture of those of wound overgrowth and of crowngall, and 12 showed 
only the characters of crowngall. Some mixture of the characters of crown- 
gall and wound overgrowth is to be expected, since both types of malfor- 
mation depend upon injuries for their initiation. As in the preceding year, 
the effieiency of the technique was tested against known material at fre- 
quent intervals. Positive results were obtained from 26 or 27 known crown- 
galls on inoculated apple trees and naturally infected peach, plum, and 
cherry. The difference in the percentage of crowmgall on the trees ex- 
amined in 1924-1925 and in 1925-1926 is not surprising when consideration 
is given to the facts (a) that the material studied in the two seasons came 
for the most part from different locations, (b) that variation from season 
to season in the percentages of both wound overgrowth and erowmgall is to 
be expected, and (c) that the small malformations were not included in the 
studies made in 1925-1926. 

A review of the results of the isolation studies in the twm seasons show 
that the technique used gave positive results from 70 of the 73 control trials 
with knowm crowngall, and negative results from a high pereentage of the 
enlargements which possessed the typical characters of wound overgrowths. 
Although much care has been exercised to develop and check the accuracy 
of the isolation technique, the possibility which is inherent in the negative 
aspect of the results still remains that further study may possibly reveal 
the presence of a causal organism in wound overgrowths. Plowever, in view 
of the facts (a) that Hedgcock (3) reports no isolation studies, (b) that 
Smith et al (25) report. only a few isolations from apple which may or may 
rtot been from the type of malformation under consideration and which 
yielded ^ considerable percentage of negative results (25, p. 53), (c) that 
the cultural studies reported h#ein have consistently failed to reveal the 
crowngall organism in typical ,;fbtmd overgro-wths, although the same tech- 
nique isolated it consistently kn^ crowngalls, and (d) that wound 
ovetfrowths have been inducediir suppressed practically at will under con- 
ditibhs designed to exclude the; erowngall organism, as reported on later 

? that Bact. 
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The juncture between the cion and stock appears to be intimately asso- 
ciated with the development of most of the wound overgrowths. An ex- 
amination of the surface characters of the malformations on two- and three- 
year-old trees w%ieh were grown from piece-root grafts showed that approxi- 
mately 85 per cent occurred at the union. Of this number about 90 per 
cent w^ere associated with the lower tip of the cion. This relationship is 
more clearly observed when >sections are made through the trees in such 
manner as to reveal the original union. Surface and sectional views of 
such trees may be seen in Plates XXXIX, A, B, C, and XL. In many cases 
the original wood of both the cion and stock may be observed. Such cases 
reveal very clearly the tendency for the enlargements to develop about the 
lower tip of the cion at a place where cambial connection with the root either 
has been quite poor or has failed entii^ely. The origin of these knots on the 
lower cion tip is more easily observed in one-year-old trees. Sectional and 
surface views of some of these may be seen in Plates XLI and XLVI, B, C, 
D. Here again, but more clearly than before, it appears that these enlarge- 
ments have their origin in the lower end of the cion which has not been fitted 
properly to the root. Sections through one-year-old trees often reveal the 
original wmod of the graft and show how the grafted parts w^ere fitted to- 
gether, It may be observed in Plate XLI, A, C that the cambium on the 
lower tip of the cion was not matched against that of the root in such man- 
ner that union of these parts could take place. 

Callused grafts provide an excellent opportunity to observe the initia- 
tion of these enlargements. Such grafts may be seen in Plate XLI V, B. 
Here it appears that the beginning of knots may,, follow certain types of 
misfit in grafting. It is conspicuous that grafts which have the lower cion 
tip cut and placed in such a manner that the cambium layers of the cion and 
stock do not closely approach each other are quite likely to develop callus 
overgrowths. Such a condition is particularly apt to occur when the lower 
cion tip is too long (PL XLIII, C) or when the cion is larger in diameter 
than the root (PI. XLIII, P). It may also occur if the lower tip is Hunt 
(PI. XLIII, D), if it is cut in such a manner that it naturally stands away 
from the stock when the graft is not tightly wrapped, or if the wrapper rots 
away too quickly (PL XLIII, B) . It appears to be important that the wrap- 
per should hold tightly until union between the cion and root becomes well 
established. Otherwise there seems to be a tendency for a cushion of callus 
to form under the lower cion tip and to push it away from the stock (Pis. 
XLI, A to C and XLIY, A, B). In some cases this appears to be serious 
enough to initiate the development of a knot. Cases in which the cambium 
of the lower cion tip is cut short of that on the root (PL XLIII, A) or in 
which it projects over very slightly are of less importance to the initiation 
of wound overgrowths. 
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Thus, it appears that the development of most of the wound overgrowths 
may he traced to a beginning in poorly united cions and stocks. Since no 
causal organism has been found to be assoeiated with the great majority of 
these enlargements in any stage of their development, it seems necessary to 
seek other causal factors. The consequences of wounds appear to be, in 
themselves, sufficient to lead to the production of these overgrov^rths. A 
discussion of some of the physiological aspects of the development of wound 
overgrowths is given on a later page. Meanwhile, a consideration of the 
fit of a number of commercial grafts is pertinent. 

A variety of misfits at the union Was found in different samples of com- 
mercial apple grafts which were examined. Since the fit at the lower tip 
of the cion appeared to be particularly important the grafts were classified 
according to the position of the cambium on this part of the cion relative 
to that on the stock. Several different classes were arbitrarily chosen. The 
class 1' short (PL XLIII, A) included the grafts in which the cambium of 
the lower cion tip did not come down as far as the cambium on the root. 
Class ‘"even’’ (PL XLIII, B) included those in which the cambium layers 
were in close proximity at this critical point. Class ""over” included those 
in which the cambium of the cion tip extended below that of the root by less 
than 1/16 inch. Class “long” (PL XLIII, C) included those in which the 
cambium of the cion tip extended below that of the root by more than 1/16 
inch. Class “blunt” (PL XLIII, D) included those in which the lower cion 
tip had been long, but was cut off at the time the graft was made. In addi- 
tion to these types a considerable number of grafts were found on which the 
cambium layers at the lower cion tip were opposite each other, but which 
were wrapped in such manner that these cambial surfaces were not brought 
in contact. Such grafts have been included under the additional classifica- 
tion “loose wrap” (PL XLIII, B) . In grafts where the diameter of the cion, 
was greater than that of the stock, a certain portion of the cambium of the 
cion obviously could not come in contact with that of the root. Such grafts 
were given the additional classification “cion large” (PL XLIII, P). The 
results of classifying ten samples of grafts into these different groups may 
be seen in table 1. Sample No. 1 was received with the notation “well 
fitted grafts/ / . This was true as applied to the relative diameters of cions 
: and atoefcs, but not with reference to the fit at the lower cion tip. In view 
of thie notation the question is raised as to whether earlier investigators 
(Hedgeoek) S, and Melhus'andManey, 8) found comparatively little differ- 
ence between well htted and peorly fitted grafts in relation to the develop- 
ment of enlafgemente he^mse their criterion of fit may have been based 
more on reHtm diametera of the stock and cien, and less on the matching 
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TABLE 1 . — Classification of ten samples of commercial apple grafts according to the 

fit of cion to stoclc^ 


Sample 

number 

Total no. 
examined 

Short 

Even 

Over 

Long 

Blunt 

Loose 

Cion 

large 

1 

520 

Per cent 
20 

Per cent 
43 

Per cent 
19 

Per cent 
17 

Per cent 
1 

Per cent 
16 

Per cent 
1 

2 

100 

8 

29 

23 

14 

26 

79 

4 

3 

417 

12 

14 

4 

16 

54 

62 

15 

4 

4403 

15 

15 

16 

27 

27 

33 

1 

5 

860 

16 

30 

16 

22 

16 

46 

0 

6 

1041 

2 

13 

■ 5 

21 

59 

0 

1 

7b 

84 

36 

47 

17 

0 

i 0 

0 

0 

8 

134 

31 

30 

20 

17 

2 

0 

0 

9 

205 

9 

49 

21 

17 

4 

0 

0 

10 

214 

7 

3 

14 

66 

10 

0 

0 

Average 


16 

27 

~1l5~ 

22 

. 

20 

23.6 

2.1 


a For explanation of classifications used see text. 
This sample was sent in as perfectly fitted grafts. 


account for most of the wound overgrowths developed in the field. This 
subject will be discussed more fully on later pages. 

The number of poorly fitted grafts is not surprising when one considers 
the speed with which they are prepared. In some places the workmen who 
make the grafts are required to cut and fit at least 3,000 in a temhour day, 
an average of one in 12 seconds. For each graft a slanting cut and a cut 
for the tongue must be made at the lower end of the cion, and a cross cut 
at the top. Three similar cuts must be made on the root. After this the 
cion and a root of the proper diameter must be fitted together. Under 
these conditions a considerable number of misfits would seem to be inevitable. 

Although the lower tip of the cion is the most common location at which 
wound overgrowths occur, they are sometimes found elsewhere. They may 
be found extending along the side of the union (PL XL VII, D). This is 
especially apt to occur when the cion is larger than the stock (PL XLIII, P) 
and consequently a considerable portion of the cambium on the cion is un- 
able to make contact with that on the root. It occasionally happens, too, 
that a knot will be formed at the point of the tongue which extends down 
from the cion. At times this portion of the cion extends out from the root 
in such manner that the cambium does not make contact (PL XLIII, P, b). 
Knots have also been found just above the upper tip of the root (PL XLVI, 
B, b) . Wound overgrowths seem more apt to occur in this position when a 
very long slant has been made on the cion and a portion of the cut surface is 
not covered by the root. In addition to these malformations which appear 
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to be associated with poor ht of the grafted parts, knots were sometimes 
found on unions which were first smooth, but later wounded. 

Mechanical injuries often appear to initiate the knots which develop on 
the cion wood of the young apple trees above the unions. Such injuries are 
commonly made by the careless use of cultivators, hoes, and other tools and 
by insects. Where wounds remove a portion of the bark and expose the 
woody part of the stem the results closely parallel those which follow poor 
fits in grafting. Under favorable environmental conditions callus is formed 
in a short time and later wmund overgrowth develops (PL XXXIX, A, B, 
B). Five to ten per cent of the wound overgrowths on grafted apple trees 
and nearly all those on budded trees appeared to be initiated by mechanical 
injuries. During the time a tree stands in the nursery row there is consider- 
able opportunity for injury of underground parts. In the specimen shown 
in Plate XXXIX, A, B, the diameter of the main axis above the wound over- 
growth is considerably greater than that below. This condition suggests 
that a considerable portion of descending food passed into the roots wdiich 
originated in the wound overgrowth. Such a situation is not uncommon in 
wound overgrowths, but has not been observed in cases of known crowngalL 
Although apparently not so important as the proper fitting of grafted parts, 
mechanical injuries are a noteworthy factor in the production of wound 
overgrowths. 

Thus far evidence has been presented to show that wound overgrowths 
are much more mimerous on apple trees in the commercial nurseries than 
crowngall, that they differ from crowngall in various characters, that they 
appear not to be induced by the crowngall organism, that they develop fol- 
lowing poor fits in grafting and mechanical injuries, and that in commercial 
propagation a sufficient number of poorly made grafts is ordinarily found 
to account for most of the wound overgrowths which develop in the nursery. 
A consideration of the experimental production of callus and wound over- 
growths follows. 


PBOnUCTION AND SUPPRESSION OP CALLUS AND WOUND OVERGROWTH 

A brief consideration of the development of excess callus and wound over- 
growth may be of assistance in the interpretation of results of experiments 
which deal with their production or suppression. It is commonly accepted 
that the elaborated foods which are produced by the leaves of a growing 
apple tree pass down through the stem in a rather straight course with com- 
paratively slow lateral movement, Roberts (21) has made use of this fact 
in explaining some phases of growth as related to the method of preparing 
grafts. When this food reaches a place in its downward flow where the 
direct channel is stopped, and where lateral transfer is difficult, it tends to 
accumulate, Such a situation, , for example, occurs in a cutting or in a 
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recently planted graft on which the lower cion tip extends beyond the cut on 
the root (PL XLIII, C, a) . When this happens under suitable environmen- 
tal conditions, rapid cell division is stimulated. Ordinarily the exposed 
surface of the cambium proliferates most rapidly and forms the well known 
Leyden wedge and a considerable portion of the callus overgrowth. The 
influences of temperature and, even more particularly, of moisture are of 
very great importance in determining the extent of callus development. In 
moist soil or in moist' packing material where drying is precluded, a con- 
siderable develo-pment of soft callus tissue may occur. The surface of this 
tissue is granular, and growth occurs primarily by the division and enlarge- 
ment of the surface cells. After some time a phellogen develops, woody 
deposits occur in the walls of some of the interior cells and a cambium is 
diflerentiated which produces the usual tissues on either side. Root pri- 
mordia may develop, and in some eases the enlargement may be covered with 
a large number of small roots which give the appearance of one type of 
hairy root. In some cases the small roots appear to grow together and give 
the overgrowth the aspect of a ball of knotted string. Wound overgrowths 
have been observed to- reach considerable size on some plants and to con- 
tinue their development for several years. Wounds above ground on apple 
trees form very little soft callus tissue because of the drying influence of 
the atmosphere. Such wmimds are covered slowly by the overgrowth edge 
as described by Sorauer (28). Injuries such as those from cultivators, 
hoes, hooks, and insects may serve to stop the downward passage of elabo'- 
rated food and to lead to developments similar to those which follo-w a poor 
fit in grafting. Such developments are normal processes of the plants when 
suitable conditions are provided. 

The lower tip of the cion is a particularly important place in relation 
to the development of callus. This has already been observed in relation 
to the very common position of the knot on the nursery trees, and to the 
position of the callus on the lower tip of the cion. This relationship was 
still more apparent when the cions were cut to a feather edge and permitted 
to callus without having a root attached. Two hundred cions were cut in 
this manner, placed in new moist sawdust such as isnsed for packing grafts, 
and stored at temperatures varying from 10° to 15° C. for two months. At 
the end of that time all but two had developed active callus around the cut 
surface of the cambium. . By far the greatest development had occurred at 
the sharp lower end (PL XLIV, A) . At this place the cell proliferation had 
been so great that a considerable mass of callus tissue had developed, which 
in most cases was as large in diameter as the original cion w^ood. Cultural 
examinations of these enlargements were negative for the crowngall organ- 
ism. It seems probable that the food as it descended the twig to* the cut 
made a slow^ lateral movement along an obtuse angle to the lower tip where 
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it accumulated and contributed to the development of callus. In a ‘well 


fitted graft (PL XLIY, C) such an accumulation occurred in a much smaller 
degree because the food material passed through the uniting cambium layers 
into the root. However, as may be seen in Plates XLIII, G, and XLIY, B, 
this formation of callus is common where the root and cion are not properly 
united. 



Pig. 2, — ^Diagram of the lower part of the cioa of a commercial piece-root apple graft 


The fit of the lower tip of the cion is important also because there is less 
cambial surface exposed and therefore less opportunity for union on this 
sector of the graft than on the side. This is shown in figure 2, which was 
prepared from a representative commercial apple graft. Here A represents 
an end view, B a front view, and C a side view of the slanting cut on a cion. 
Lines ef and fg, respectively, represent the slit in the cion tip across the 
front and down the side, into which the tongue of the stock is to he inserted. 
Suppose that the cion should be quartered by planes which coincide with the 
lines ac and hd so that the extreme tip is included in the quarter bound on 
the outside of the curve ab. Now, since the union between the stock and 
cion takes place almost completely through the callus initiated by cambium, 
the sector bounded on the outside by the curve ab has only the area about 
this curve in which to unite. However, the sector of the cion bounded on 
the.OTifeide by the curve ad has not only the area about ad hut also that 
, ab<mt fg and gf in wiiieh to unite. It should he remembered that in the 
giraft the tohgh^ of the root is inserted in the cut represented by the 
Ifca (compare XXrlll) „ Actual measurements show that the dis- 

tanbe od k leas tharf^e third of dd-hfg^ gf. So far as cambial surface is 
conbtmed, the chan^ lor union :are Just as small for the sector bounded 
on iHe ohttidb by tll od lor that bounded by ab. However, in 

develops 
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about the cambium represented by cd soon comes in contact with callus on 
the stock. At the same time, as the metabolic products come down the stem 
in the quarter bounded on the outside by the curve ed, they may, by slight 
divergence along an obtuse angle, continue their passage. Such transloca- 
tion would be much more difficult if not impossible in the quarter bounded 
on the outside by the curve ab. 

The influences of temperature and moisture on the development of callus 
on apple grafts were studied. The results conformed so closely with the 
well established information on this subject that the details of these experi- 
ments are omitted. It was found that within certain limits callus develop- 
ment increased with higher temperatures and moistures and decreased with 
lower temperatures and moistures. Grafts which had formed comparatively 
little callus at the time of planting grew better than those which had pro- 
duced excess callus. 

The relation between excess callus development and the fit of grafts was 
tested in preliminary experiments in the greenhouse. Approximately a hun- 
dred commercial grafts taken at random were sorted according to the fit of 
the lower cion tip and planted in pots. The different classes into which they 
were sorted have been described. After three months the grafts were all 
dug and further classified according to the amount of callus that had de- 
veloped. The results appear in table 2. When six of these callus forma- 


TABLE 2,— --The relation of fit of oion cmd stock to the development of overgrowths on 
commercial Wealthy grafts grown in the greenhome for three months 


Eit of 
cion tip» 

Type 

of 

wrap 

Dead 

Size of callus formed on cion | 

Total 

None or less 
than % diam- 
eter of cion 

%to% 
diameter 
of cion 

Over % 
diameter 
of cion 



No. 

No. 

No. 

No. 

No. 

Short 

Tight 



2 



2 


Loose 

1 

3 

2 


6 

Even 

Tight 



2 

1 


3 


Loose 

5 

10 

n 

...... 

26 

Over 

Tight ' 

1 

1 

. ■ ...... ■ ' 


1 


Loose 



9 

2 

12 

T iHTi or 

Tight 


i 

10 

1 

12 



Loose 

3 ■■ ! 

:■■■ ...... 

. . 6 ■ i 

2 

, 11 

Blunt 

Tight 

1 



2 



1 3 


Loose 

4 

3 

11 

4 

22 

Total .................. 

■■ 

15 

: 22 

52 

9 

98 


a Pot explanation of classification used see text, 
extremity of cion tip dead. 


788 


P HYTOPATHOLOGY 


[VOL. 10 


tions were cultured, all were negative for the crowngall organism. These 
data indicate that grafts which have the lower cion tip cut in such manner 
that its cambium fails to make contact with that of the root are more likely 
than well fitted grafts to produce excess callus. Furthermore, the larger 
amount of callus which developed on properly fitted but loosely wrapped 
grafts emphasizes the value of tight wrapping. This seems necessary to 
prevent the lower cion tip from being pushed away from the stock by the 
development of a cushion of callus tissue. 

The importance of the fit of the cion was further tested in preliminary 
experiments in which grafts were made with care to secure types of good 
fit and of poor fit at the lower cion tip. At the same time precautions were 
taken to exclude jBuct. hmefcmens. The roots Avere thoroughly washed 
and the cion wood and roots were dipped in mercuric cyanide, 1-1,000. 
The knives were dippecV before each cut in mercuric chloride, 1-1,000. 
These antiseptics were employed because Reimer (14) had found them to 
be very effective in his work with fire blight. The grafting -was done in a 
transfer chamber to minimize chances for contamination. The grafts were 
wrapped with ordinary unwaxed No. 18 cotton thread which had been 
autoclaved. The hands of the operators were dipped in mercuric chloride, 
1-1,000. After the grafts were made they were planted in soil w^hich had 
been placed in ordinary greenhouse flats and autoclaved on each of three 
sueeessive days for five hours at 15 pounds pressure. The pots used were 
new and had been dipped in mercuric cyanide, 1-1,000. After the grafts 
were planted they were placed in a greenhouse where there were no plants 
with crowngall. The experiment was begun in February, 1925. Twenty 
of the grafts were accurately fitted. After two months all were alive and 
vigorous, and none of them had developed excess callus (PI. XLIV, G). 
Fifty grafts were made with the lower cion tips long. After two months 
four were dead, four had decayed low^er cion tips, and 42 had well de- 
veloped masses of excess callus (PL XLIV, B), with the characteristic gran- 
ular appearance* Cultural examinations were made of the interior parts 
of five of these enlargements, but most of them were sterile and all were 
negative for the crowngall organism. These callus formations appear to be 
identical with those which are found on commercial grafts (PL XLIII, G) . 
These experiments strongly indicate that excess callus formations typical 
of those which occur so commonly about the unions of grafted apple trees 
in the nursery may be developed fallowing misfits in grafting, without the 
intervention of the crowngall organism. 

Field experx^^onts were performed in 1923 in which precautions were 
taken to exclude the crowngall organism. The roots and cion wood were 
dipped in mereuric cyanide, 1-1,000, before grafting. Before each cut the 
knivas were trielecl with 1-1,000, Grafts were cut and 
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fitted as in ordinary commercial propagation and wrapped with untreated 
cotton thread. They were then placed in clean sand until the cions and 
stocks were well united by callus, They were planted at Madison, Wis- 
consin, in soil which had been steamed as described by Johnson (4) for 
tobacco beds. A railing of boards w^as placed about the treated soil so 
as to prevent surface water from running into the plot. Of the 74 trees, 
which were harvested in the fall after a season’s growdh, diagnosis based on 
external characters revealed that 51 were smooth, 16 showed wound over- 
growth at the union (PI. XLY, E), and 7 sliow’ed hairy root (PL XLV, 
A, B, C). None showed the symptoms of crowngall. Bight of the trees 
showung malformations were subjected to bacteriological examination. All 
were negative for the crowngall organism. The wound overgro'wths in this 
case were quite hard and bore a considerable number of root primordia. 

In 1924 a series similar to the above, except that the grafts were not 
made under aseptic conditions and w^ere planted in unsteanied soil, yielded 
the following results, based on external characters after one season of 
growdh. Of 677 trees which were harvested 446 were smooth, 225 showed 
wound overgrowth at the union, five show^ed hairy root at the union and 
one show^ed crowmgall on the cion above the union. It is worthy of note 
that in each of these last two experiments approximately one-third of the 
total number of trees harvested show^ecl malformations at the union. It is 
quite common for dhe nurserymen to find that a third or more of their 
Wealthy trees bear root knot. These experiments indicate that except for 
one specimen the crowmgall organism “was not a factor in the development 
of the malformations found on these trees. 

Similar experiments w^'ere performed in the season of 1925, This year 
the roots but not the cions were dipped in mercuric cyanide, 1-1,000, be- 
fore grafting. After callusing in moist sawdust they were planted in soil 
which had been steamed and enclosed by boards as in the earlier experi- 
ment. These grafts had been prepared with a considerable variety of fits 
and misfits at various parts of the union, A detailed account of the rela- 
tions of the several types of fits to wound overgrowth formation will be 
given on a later page. Only those trees which were more than a foot high 
were considered w^hen results w^ere taken at the end of the fii^st growing 
season. Diagnosis based on external characters show^ed that, of the 1,008 
trees harvested, 455 were smooth, 271 bore small wmund overgrowths at the 
union (PL XLVI, D), 280 bore large wmiind overgrowths at the union (PL 
XLVI, C), and none bore crowngalls. Uniformly negative results from cul- 
tural examinations of ten of these malformations confonn wdth the diagnoses 
made on the basis of external characters. 

.Small field plantings of commercial apple grafts w^ere made in un- 
steamed soil. Of the 527 trees harvested at the end of one growing season 
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and diagnosed on the basis of external characters, 282 were smooth, 126 
bore small wound overgrowths at the union, 115 bore large wound over- 
growths at the union, and four bore bacterial galls, one on the cion and 
three at the union. The diagnosis was checked by cultural examinations of 
eight representative wound overgrowths, all of which were negative for the 
crowngall organism, and two crowngalls, both of which were positive. The 
results of these experiments corroborate those of the experiments of the two 
previous years, indicating that Bact. tumefaoiens played only a minor role 
in the formation of the laiots on the trees examined. 

Excess callus followed by wound overgrowth has been induced on older 
trees by wounding under conditions in which precautions were taken to 
exclude the crowngall organism. On March 12, 1925, 29 three-year-old 
Jonathan trees were thoroughly washed and then dipped in mercuric cy- 
anide, 1-1,000. After this a slanting cut which extended approximately 
half way through the stem was made with a disinfected knife, sufficiently 
close to the union that the injury would be under the surface of the soil 
when the tree was planted. The cut slanted toward the top of the tree at 
approximately a 45° angle. In order to prevent direct healing a thin strip 
of inert substance was inserted in the cut. With seven trees mica was em- 
ployed, while with the remaining 22 a small piece of medical adhesive plaster 
was placed in each cut. The trees were then planted in new pots which had 
been dipped in mercuric cyanide, 1-1,000. The soil used had been placed 
in small flats and autoclaved for five hours at 15 pounds pressure on each 
of three successive days. The potted trees were placed in a greenhouse 
where no other plants were growing. Six of these trees were examined 
May 19. Well developed callus (PL XL VI, A) was observed at the injury 
in four cases, while in two cases wound overgrowths had developed. Isola- 
tion studies made on these enlargements were negative for the crowngall or- 
ganism. The remainder of the trees were examined August 26, 1925. With 
the exception of two which died all showed wound overgrowth (PL XLY, 
D ) . In two cases where a bud was close to each injury hairy rout developed. 
Although precautions had been taken to exclude Boot, iumefaciem from 
these injuries, cultural examinations of three representative enlargements 
were made. They were negative for the crowngall organism. The char- 
acters of these enlargements were the same as those given previously for the 
wCruad overgrowth. In view of the obvious difficulties attendant upon 
gjcoimg apple grafte under aseptic conditions, no attempt was made in 
these and previous experiments to exclude all microorganisms throughout 
the period of the test. However, it is considered that the technique used 
furnished sufficient safeguards against the presence of the crowngall organ- 
ism to make the possibility of 11^- intervention exceedingly remote. 
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Similar results have been secured in the field following different injuries. 
One-year-old trees in four lots of 12 each were injured on the cion above the 
union but below the ground line. The first lot was bruised with a hammer, 
the second was given a series of needle punctures, the third was given a 
deep cut which slanted upward, and the fourth had the same treatment as 
the third except that adhesive tape was inserted in the cut. The trees were 
planted and left for an entire growing season. They were in rather poor 
condition at the time of planting. This factor, rather than the injury given 
them, is probably responsible for the large number which died. The first 
lot, which was bruised, produced two smooth trees, two which bore hairy 
root, and eight which had wound overgrowths. The second lot, which re- 
ceived punctures, produced five trees with small and one with large wound 
; overgrowths. The other six died. The third lot, which was cut, produced 

; five small and one large wound ovei'growths. The other six died. The 

j fourth lot, which had tape placed in the cut, produced five medium sized 

i and two large wound overgrowths. The other five died. Similar experi- 

f ments were tried on three-year-old trees. Twenty-five trees were either 

1 bruised as in the first lot above, or cut and treated as in the fourth lot. None 

I of them died. In one season 19 of them produced wound overgrowths which 

i' were of such size that they would have been rejected during nursery in- 

I spection. Cultural examination of representative enlargements from these 

I experiments were negative for the crowngall organism. These experiments 

I I give further evidence that wound overgrowths are developed without the 

intervention of the crowngall organism. 

All the experiments and observations which the writers have made point 
consistently to the conclusion that, except for a comparatively small per- 
centage which usually had distinctive characters, the enlargements which 
they studied on apple nursery stock were not caused by the crowngall organ- 
ism. On the other hand the characters of these malformations made them 
appear to be identical with wound overgrowths produced by poor graf ting 
and wounding. Consequently their control appears to be most readily ap- 
proached by modifications of horticultural practices, rather than by efforts 
to prevent infection by the crowngall organism. 

The relation of the fit of the graft to the development of wound over- 
growth in commercial practice was studied by sorting commercial grafts 
obtained as representative of those prepared by certain nurseries into the 
several classes described earlier and planting them in the field. Approxi- 
mately half the grafts were planted in steamed soil. At the end of the first 
growing season an examination based on external characters showed that 
crowngall had developed on less than one per cent of the trees in unsteamed 
soil and on none in steamed soil; Cultural examinations of 10 wound over- 
growths were negative for the crowngall organism. In view of these facts 
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the data on erowngall are omitted and those coneerning the development of 
wound overgrowths on both of these plots are merged (table 3). As the 
trees were dug they were classified as to whether they were smooth or bore 
wound overgrowths. These enlargements were further divided into groups 
called “small” and “large” according to the standards shown in Plate 
XLVI, C, D. The results taken on these trees, which were grown at Madison, 
Wisconsin, in the season of 1925, are given in table 3. Here it appears that 

TABLE 3. — Correlation heiween the fit of the lower ti;p of the cion to the root of com- 
mercial W ealthy af pie grafts and the development of wound over- 
growths dnring the first season'^ 


Fit at lower 
tip of cion 

Grafts 

planted 

Btand over 

1 ft. higW’ 

Smooth^ 

Small knot 

Large knot 


No. 

Per cent 

Per cent 

Per cent 

Per cent 

Sliort 

149 

59 

65 

23 

12 

Even 

274 

64 

79 

13 

8 

Over 

207 

61 

52 

29 

19 

Long 

466 

. S4 

24 

38 

38 

Bbmt 

558 

61 

47 

32 

21 

Average 


60 

53 

27 

20 


a TLe grafts were hand wrapped with waxed ISTo, 18 cotton thread. The figures in- 
clude both tightly and loosely wrapped unions. Ho grafts with cions larger than the 
stocks were employed. For explanation of classifications used see text. 


b Six per cent of the trees harvested had small callus formations on the cions, proba- 
bly due to mechanical injuries. 

c Eight per cent had wound overgrowths at some location other than the lower tip 
of the cion. On one per cent the lower tip of the cion was dead. 


the harvest from grafts with eion tips ^‘even” contained a smaller number 
of wound overgrowths than that from any other class. In this class with 
well fitted unions a still lower percentage might have been expected had 
all the grafts been tightly wrapped. As has been mentioned earlier the cion 
tips which are not securely held in place often may be pushed away from the 
root as the callus develops, even when, they are cut to the proper length. 
The group of grafts with long cion tips (PL XLIII, C) yielded the highest 
percentage of wound overgrowths, while the other groups produced inter- 
mediate percentages. . , 

It is to be observed that, although approximately three-fourths of the 
grafts with long lower cion tips produced trees enlargements, about one- 
fourth produced smooth trees. Although much still remains to be learned 
about the formation of wound overgrowths several rather obvious factors 
which might account for these smooth trees should be mentioned, (a) It 
was quite apparent on some of these trees: that wound overgrowths did not 
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develop at the lower tip of the cion because of the death of tissues in this 
region. However, this would account for only a very small portion of the 
trees which did not bear enlargements, except in certain cases where the 
grafts were treated with antiseptics. In one lot of grafts which were pre- 
pared with long cion tips and wrapped with unwaxed cotton thread, dipped 
in a commercial preparation of hydroxymercurichlorophenol, 1-400, and 
planted in pots in the greenhouse for two months, the low^er tips of 50 per 
cent of the cions were killed. Of the remaining 50 per cent a large major- 
ity developed typical excess callus formations at the Icwer cion tips. The 
stand was not reduced by this treatment. On control grafts in this experi- 
ment death of the tissues of the lower cion tips occurred only in occasional 
instances, (b) In case good union occurred on both sides of the cion tip 
the food was apparently transferred slightly to one side or the other and so 
failed to accumulate in the cion tip. (c) It has been observed sometimes 
that the callus on the lower cion tip may send out roots very early in its 
development. In such cases the roots may carry off the food material, and 
thus prevent its accumulation in the lower cion tip (PI. XLVII, B). Unfor- 
tunately, with the exception of grafts treated with certain antisepties, these 
and other influences did not seem to operate on the Wealthy variety to make 
smooth trees from more than approximately a quarter of the grafts that 
had long lower cion tips. 

The importance of the lower cion tip in production of wound over- 
growths was further shown in an experiment in which the wedge graft was 
employed. The lower end of the cion was sharpened to form a wedge and 
inserted into a split in the upper end of the stock. In each case the cion 
was equal to* or smaller than the root in diameter. The grafts were wrapped 
with waxed string and planted in steamed soil for the growing season of 
1925. Of 200 grafts planted, 105 were over a foot high when harvested. 
Only 7 of these showed any wound overgrowth. No crowngall was found. 
This experiment and those described on earlier pages show that the fitting 
of the grafted parts, particularly at the lower tip of the cion, is important 
in relatio*n to the occurrence of wound overgrowths. 

The influence of the diameter of the cion relative to that of the stock 
was tested with a limited number of grafts. The grafts in this experiment 
all had a difference in diameter between the cion and stock of at least one- 
sixteenth of an inch. They were planted in the spring of 1925 at Madison, 
Wiseonsin, in soil which had been steamed out of doors by the method used 
in earlier experiments, and were harvested at the end of the first growing 
season. The results are shown in table 4. For comparison the average 
from table 3 is shown as a commercial lot. Here it may be noted that the 
grafts in which the cion was smaller than the stock (PI. XLin, E) produced 
trees with approximately the same number of wound overgrowths as the 
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commercial lot. HowcYcr, the grafts in whiclL the cions were larger in 
diameter than the stocks (PI. XLIII, P) produced a mnch higher percentage 
of wound overgrowths. This type of fit of necessity left some cambium on 
the cion exposed in such a manner that union with the cambium on the root 
was difficult. These results indicate strongly the positive correlation be- 
tween the fit in which the cion is larger than the stock and the development 
of wound overgrowth. 


TABLK 4. — Correlation^ Inetween the relative diameter of don and stoch of commercial 
'WeaXt'hy apple grafts and the development of wound overgrowths 
during the first season^ 


Classes 

Grafts 

planted 

Stand over 

1 ft. kigh 

Smooth 

Small knot 

Large knot 

Commercial^ 
Cion larger 

No. 

1654 

Per cent 

60 

Per cent 

53 

Per cent 

27 

Per cent 

20 

than stock 
Cion smaller 

100 

56 

9 

27 

64 

tkart stock 

100 

50 

46 

32 

22 


a These grafts were wrapped with waxed thread. Por explanation of classifications 
used see text. 

D A sample lot of grafts obtained from a nursery. 


The influence of several types of wrapping on the development of wound 
overgrowths was also studied. The different wrappers were placed on com- 
mercial grafts made by the same operators who prepared the grafts which 
were sorted for the planting referred to in table 3. For this reason the 
average from table 3 is entered for comparison with the results of this ex- 
periment. As described in the preceding paragraph the grafts were planted 
in steamed soil and left through the growing season of 1925. The results 
at the end of one growing season are given in table 5. Here it may be seen 
that with loose wrapping (PL XLIII, B) the percentage of wound over- 
growth was increased. With cloth, which provided a more complete cover- 
ing than did the string, the amount of wound overgrowth was decreased 
from the average. However, it should be noted here that untreated cloth 
rote more rapidly in the soil than does waxed string. The percentage of 
wound over^owtli was still mdre decreased with waxed paper, which did 
not rpt so 4uiekly. With the strongest and most persistent wrapper em- 
ployed, common medical or ^^Zinc oxide adhesive plaster, there 

was the percentage of wound overgrowth. This wrapper held the 

soil par- 
by ■ a ■ firm 


1926] # Eiker AND Keitt : Growngall Studies 795 

binding action wliicli lasted over the most critical period for tbe initiation of 
wound overgrowths. However, it rotted (table 6) before any evident 
girdling effect was induced (PI. XL VII, A) . The diagnosis of these wound 
overgrowths was based on external characters and checked by cnltnral 
examinations of four representative trees, all of which were negative for 
the crowngall organism. It appears that a tightly applied wrapper which 
holds the grafted parts securely together without rotting too quickly or 
lasting long enough to induce girdling is an important factor in preventing 
the development of wound overgrowths. 


tCABLE 5. — VorrelatioTi detween the Icind of wrapping at the union of commercial 
Wealthy apple grafts and the development of wound overgrowths 
during the first season 


Type 

of wrapper 

Grafts 

planted 

Stand over 

1 ft. high 

Smooth 

Small knot 

1 

Large knot 


No. 

Per cent 

Per cent 

1 Per cent 

Percent 

Waxed string 

1654 

60 

53 

27 

20 

Waxed string 






(loose wrap at 






lower end) 

312 

52 

36 

30 

34 

Adhesive plaster 

100 

47a 

94 

2 

" ■ 

Waxed paper 

290 

73 

72 

17 

' ' ■ 

Cloth wrap 

100 

57 a 

67 

1 21 

12 


a Planted in comparatively poor soil. In other experiments, grafts which were bound 
with this wrapper and planted in better soil equalled or surpassed those in commercial 
plantings. 


The efficiency of the adhesive plaster used was apparently not due to 
any germicidal action. Crowngall bacteria from an agar slant were placed 
on the adhesive surface of a strip of plaster like that used in wrapping the 
experimental grafts. The plaster was then placed in a petri dish with some 
strips of moist filter paper to prevent desiccation. At the end of seven days 
the bacteria on the adhesive surface were still viable. It seems that the zinc 
oxide is placed in this plaster to prevent irritation of the human skin, and 
that nothing in the preparation is intended to exert a bactericidal action. 
The durability of several of the more common or promising wrapping 
materials was tested by winding them on sticks and burying them for dif- 
ferent periods in ordinary soil with a moisture content suitable for growing 
plants. At the end of the experiment the tensile strength of the wrappers 
was measured with a device set up after consultation with M. E. Dunlap of 
the United States Forest Products Laboratory. The upper end of the 
material to be tested was fastened in a clamp, and a container was sus- 
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pended from the lower end. An evenly applied load of sand was poured 
into the container through a funnel. The weight necessary to break the 
material was determined. The results, which are the averages of 10 measure- 
ments on each lot of material, ai^e given in table 6. It appears that ordi- 
nary cotton thread, cloth, and even raffia rot very rapidly. Waxed string 
and adhesive plaster retain considerable strength for several weeks. 
Hydroxymereurichlorophenol seems to have exerted a preservative action 
on both cloth and raffia. It seems, therefore, that, although various chem- 
ical substances have proven of very doubtful value in preventing infection 
by the crowngall organism, some of them may have a distinct value in pre- 
serving wrappers and thus indirectly inhibiting the development of wound 
overgrowths. Further experiments in this direction appear to have eon- 
siderable promise. 

From the several experiments which have been reported above, it appears 
that excess callus and wound overgrowths may be induced where precautions 
are taken to exclude the crowngall organism and that, within limits, they 
may be initiated or suppressed by modifications in cultural practices. Con- 
trol of these malformations may he accomplished without the use of anti- 

TABLE 6 . — Meamrements in Mlo grams made to determine the average tensile strength 
of one inoh lengths of several dapple graft wrappers after diff event 
periods of time m soil 


Tensile strength after stated intervals: 



9 weeks 

6 weeks 

3 weeks 

New material 

Ko» 18 cotton thread 

kg. 

kg. 


kg. 

Disintegrated 

Disintegrated 

Trace 

0.7 

No. 18 cotton thread waxed 

Trace 

0.5 

0.7 

0.5a 

Adhesive plaster 1 in. wrapped 
without overlapping 

Trace 

0.8 

4.8 

10.1 

Adhesive plaster i in. wrapped 
with overlapping 

1.5 

4.3 

5.9 

10.1 

Unbleached muslin i in. strips.,. 

Disintegrated 

Disintegrated 

Trace 

4.5 

Unbleached muslin i in. strips 
treated^> 

Disintegrated 

Trace 

4.6c 


Bafiia 

Trace 

Trace 

0.5 

8.4 

Baffin treated^ 

Trace 

1.0 

2.5 



a When the thread was first waxed the fibers appeared to slip by one another more 
easily than in untreated thread. This reduced the strength somewhat until the wax 
became set. 


The treatment with hydroxymereurichlorophenol was as follows: The material left 
nine weeks was dipped in the solution 5 minutes, dried, and dipped again for 5 min- 
utes. The other material was all given two treatments of approximately 6 hours each. 
cThe cloth strips Were a trifle wider than i inch. 
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septics, altliongh the latter appear to have important potentialities in the 
preservation of wrappers. The following practices seem to be among the 
more promising for the control of wound, overgrowths: (a) using cions, 
equal to or smaller in diameter than the corresponding stocks, (h) proper 
fitting of grafts, especially at the lower tip of the cion, (c.) wrapping tightly, 
especially at the lower tip of the cion, with some material which remains 
firm through the critical period of callus formation and then rots before it 
induces girdling, (d) avoidance of excessive callus formation in storage, and 
(e) prevention of injuries during cultivation, 

RELATIVE PREVALENCE OP CROWNGALL AND WOUND OVERGROWTH - 

When it was found that crowngall and wound overgrowth are due to 
different causes and may be distinguished with considerable accuracy, an 
effort was made to determine the relative importance of these malforma- 
tions in different regions. 

A survey was made for crowngall and similar abnormalities among some 
of the apple nurseries of the North-Central and the Northeastern United 
States. Kepresentative nurseries which were growing apple trees were vis- 
ited and the trees examined as they were dug. Wliere it was impracticable 
to examine very large numbers the percentages were secured from counts 
on several hundred trees taken at random. The results, which are sum- 
marized in table 7, show that crowngall is very widely distributed in the 
area surveyed but that it occurred on a very small percentage of apple trees 
in most nurseries. In the nurseries surveyed, wound overgrowths were gen- 
erally of very considerable importance on grafted apple trees, hut were of 
comparatively little consequence on budded apple trees. This difference 
appeared to be due primarily to the wound overgrowths which developed as 
a result of misfits in grafting. Practical control of wound overgrowths on 
grafted apple trees was observed in three commercial nurseries in Connecti- 
cut, Pennsylvania, and West Virginia (table 7). In each case the nursery-, 
men explained their results on the basis of care in the preparation and 
handling of the grafts. All used waxed string wrapping and employed no 
antiseptic. Cultural examination of representative specimens from a num- 
ber of the nurseries surveyed gave results which confirmed the field diag- 
noses. The results of this survey agree with those from the other lines of 
work reported in this paper in showing that, under the range of conditions 
covered by these studies, the malformations encountered on the underground 
parts of apple nursery stock were predominantly wound overgrowths rather 
than crowngall. 
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TABLE 7.— -Summary of data from survey for orowngallj wound overgrowth, and similar 
malformations on certain types of nursery stoch, 1935 


1 

state i 

1 

Nursery 

Kind of 
stock 

Propaga- 

tion 

Wound 

over- 

growth 

Hairy 
root (all 
types) 

Crown- 

gall 

Woolly 

aphis 





Per cent 

Per cent 

Per cent 

Per cent 

Conn. 

A 

Apple 

Budded 

1 

1 





do. 

Grafted 

2a 

1 


i 



Peach 

Budded 

Trace 

0 

9 


Ind. 

A 

Apple 

do. 

Trace 

2 

Trace 

5 



Peach 

do. 

0 

0 

Trace 



A 

Apple 

Grafted 

38 

b 

Trace 




do. 

Budded 

2 

b 

Trace 


Iowa 

B 

do. 

Grafted 

25 

b 

Trace 




Cherry 

Budded 



Trace 




Easpberry 




Trace 


Md. 

A 

Apple 

Budded 

8 

12 

Trace 

Trace 



Peach 

do. 

0 

0 

0 



A 

Apple 

do. 

Trace 

2 

Trace 

Trace 

Mich. 

B 

do. 

do. 

Trace 

Trace 

Trace 

25c 



Pear 

do. 

Trace 

Trace 

Trace 

80c 


! ® 

Apple 

do. 

2 

8 

1 


Minn. 

A. 

do. 

Grafted 

38 

4 

2 



! A ■ 

do. 

do. 

40 

b 

Trace 


Mo. 

! 

Cherry 

Budded 



Trace 



1 

Raspberry 




3 


Keb.^”’~ 

A 

Apple 

Grafted 

33 

b 

2 




Raspberry 








A 

Apple 

Budded 


2 

Trace 

3 

N. Y. 

I- B 

do. 

do. 

1 

13 

Trace 

1 


c 

do. 

do. 

i 

7 

i 

3 



do. 

Seedling 

Trace 

40d 

Trace 

5 


A 

do 

Budded 

Trace 

2 

Trace 

1 

Penn. 


do. 

Grafted 

3a 

2 

Trace 

1 



Peach 

Budded 

0 

0 

Trace 

0 

West Ya. 

A 

Apple 

Grafted 

10> 

3 

Trace 

6 



do. 

Budded 

2 

3 

Trace 

6 


A 

do 

Grafted 

28 

b 

Trace 


Wis. 

B 

do. 


24 

b 

Trace 




j Raspberry 

do. j 



1 



a Special care was taken in the preparation of the grafts from which these trees 


grew. 

b Hairy root is included in percentage under wound overgrowth. 

c The diagnosis is doubtful. These were large overgrowths which did not resemble 
those usually diagnosed as wound overgrowths, bacterial gall, or woolly aphis injury. 
Because woolly aphis appeared commonly associated with these enlargements, and 
cultural studies were negative for crowngall, they have been provisionally placed in this 
column. 

d These were budded stock on which the bud died. The hairy root in these cases 
was practically all of the genetic type. 
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DISCUSSION 

Although the results reported in this paper are in general agreement 
with those of other workers on this subject, they appear to require some 
important differences in interpretation. These center largely, about the 
differentiation of wound overgrowths from the crowngalls induced by Bad. 
tumefaciens. Earlier workers appear not to have recognized the nature or 
the importance of these wound overgrowths on apple nursery stock. Con- 
sequently, work wdth two similar types of abnormalities induced by differ- 
ent causes unavoidably led to much confusion in the interpretation of 
results. 

The bacterial nature of crowngall was established by Smith and his co- 
workers (24, 25, 26), who showed the causal relationship of Bad. tume- 
faciens to crowngalls on a large number of widely different species of plants. 
Among many other malformations, they studied those on apple trees, to 
which, however, they devoted relatively limited attention. The present 
writers have found a record in this work of cultural examination of only 
17 root knots on apple, four of which 'were ^^soft’’ and 13 ^‘hard.’’ Posi- 
tive results are recorded from all the ^^soft galls’’ and four of the ^Tiard 
galls,” and negative results from the remaining nine ^^hard galls.” The 
description of this material does not enable one to determine how many of 
the ‘‘hard galls” may have been wound overgrowths. In this connection, 
it is pertinent to recall that wound overgrowth and crowngall sometimes 
merge in one malformation. When these studies were made, the isolation 
of the crowngall organism was considered to be more difficult than it is at 
present. Consequently, at that time the positive results were apparently 
considered to be sufficient basis for the conclusion that Bad. Hmiefaciens 
was the cause of all the 17 apple root knots cultured. 

With the exception of failure to distinguish between crowngall, excess 
callus, and wound overgrowth, the results of Hedgeock (2, 3) are in many 
respects in very close accord with those reported herein. Pie recognized the 
importance of the fit of cion and stock, the relation of callus to the subse- 
quent development of enlargements, the failure of many antiseptics to pre- 
vent the development of malformations, the value of good wrapping, and 
many other points for which the reader is referred to his papers. Unfor- 
tunately, however, so far as the present writers are aware no adequate 
bacteriological study of Hedgeock ’s material was made. Consequently, in 
his later work he appears to have accepted the prevailing conception that 
Bad. tumefaciens was the cause of the enlargements with which he dealt. 
With the wide acceptance of the parasitic theory of the cause of these mal- 
formations, incentive to careful fitting of grafts appears to have been les- 
sened. Many of the nurserymen have increased the speed in the prepara- 
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tion of grafts, with the expectation of destroying a considerable percentage 
of the trees because of crowngall infection. 

Interpreting their results in accordance with the prevailing conception 
that they were dealing with a single disease caused by Bact, tumefaciens, 
Melhus and Maney (8) reported reduction in the occurrence of malforma- 
tions on apple nursery trees, together with some reduction in the stand, 
following treatments of grafts with Bordeaux mixture. Similarly, Sher- 
bafeoff (23) suggested that in some cases a reduction in the percentage of 
malformations might follow applications of sulphur to the soil in the nur- 
sery rows at the time the grafts were planted. 

More recently a revision of the earlier inclusive conception of crowngall 
on apple trees has been in progress. Brown (1), who was co-author with 
Smith and Townsend in earlier studies on crowngall, has shown through 
bacteriological studies that many of the aerial knots earlier attributed to 
the crowngall organism are not induced by this parasite. The present 
writers have made cultural examinations of 10 such knots, which were 
secured from West Virginia and New York, and have obtained like results. 
Swingle (30) has suggested that, since the knots which Brown cultured were 
apparently non-parasitic, they might be the result of an inherent tendency 
of the tree. He has listed many varieties of apple according to the preva- 
lence of these developments. The present writers (17, 18) have reported 
on differences between crowngall and wound overgrowth, with suggestions 
concerning methods for the control of wound overgrowth. A detailed ac- 
count of this work is given in the present paper. Recent reports by Melhus 
(9, 10) and Muncie (12) corroborate these results with reference to the eti- 
ology of wound overgrowth. Furthermore, Muncie (11) has reported that 
certain types of hairy root of apple are noninfectious. 

Wormald and Grubb (32) have reported that galls on young apple trees 
may be induced by various mechanical and chemical agencies as well as by 
Bact, tumefaciens. They state that crowngall may be controlled by care in 
handling the stocks and by using grafting wax or Stockholm tar. 

Waite and Siegler (31) report control of crowngall of grafted apple 
nursery stock by means of dippings in a solution of hydroxymercurichloro- 
plienol before planting. These investigators appear to adhere to the earlier 
conception of crowngall, which included the malformations described herein 
as wound overgrowths, and report no cultural examination of their material 
If further study should reveal that they were dealing chiefly with wound 
overgrowths rather than crowngall, their data on control would agree very 
closely with the results of the pwent writers. 

Oppenliemer (13) has reported that dipping of apple and pear trees in 
a solution of hydroxymereuriehlorophenol was ineffective against crowngall 
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infection, but that puddling the trees in a suitable mixture of this com- 
pound, soil, and water gave control. It appears that this writer also em- 
ploys the term crowngall according to the earlier conception, without distin- 
guishing between the bacterial disease and wound overgrowth. In some of 
his work, however, he used cultures of the crowngall organism. 

The segregation of wound overgrowth from crowngall of apple nursery 
trees appears to clarify numerous perplexing questions, such as : (a) why 
treatments with certain antiseptics have failed to give control, (b) why 
certain types of malformations disappeared, (e) why some of the most vig- 
orous trees in the nursery bore large knots and seemed to suffer no ill effects, 

(d) why reports of injury due to knots in the orchard were very conflicting, 

(e) why changes to new soil failed to reduce the prevalence of the malforma- 
tions, (f) why partial control attended the use of certain wrappers and 
antiseptics, (g) why the occurrence of malformations was minimized by the 
practice of budding, (h) why cion wood from trees bearing root knots pro- 
duced no higher percentage of knots than that from smooth trees, and (i) 
why the majority of the malformations on apple are so different in appear- 
ance from crowngall on apple, peach, and raspberry. 

The studies herein reported open the way for a new approach to the 
problem of controlling malformations on grafted apple nursery stock. Since 
we are concerned primarily with wound overgrowths, most of which are 
initiated by misfits in grafting or by wounds in cultivation, control may be 
greatly furthered by improvement in horticultural practices. While much 
work remains to be done in the refinement of these practices, it has been 
shown experimentally and demonstrated independently in certain nurseries 
that the occurrence of wound overgrowths may be greatly reduced by mak- 
ing well fitted grafts, wrapping them tightly with a suitable material, callus- 
ing under favorable conditions, and avoiding wounding in cultivation. 

SUMMARY AND CONCLUSIONS 

1. Crowngall infection of young apple trees was readily induced when 
Bad. tumefaciens was inoculated into wounds of various types. In several 
experiments, freshly produced callus on apple grafts and young trees failed 
to serve as an open infection court for this parasite. 

2. Crowngall of apple has definite characters which are similar to those 
of crowngall of peach and raspberry, but are different from those of wound 
overgrowths on apple, as described herein. Cultural studies have demon- 
strated that Bad. timefaciens may easily and consistently be isolated from 
crowngalls of apple in their various stages of development. Crowngalls are 
commonly comparatively soft, but may at times be hard. The term ^Miard 
galP’ is not distinctive. 
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3. Crowngalls are subject to decay by microorganisms. After rotting 
the galls, these organisms frequently attack the cortex of the young trees, 
which may be girdled and killed. Crowngalls may overwinter in a sound 
condition. Bad. hmefaciens has been isolated without difficulty from over- 
wintered crowngalls of apple and of raspberry. 

4. In the present writers’ experiments, many common antiseptics, in- 
cluding certain commercial preparations of hydroxymercurichlorophenol, 
have proven ineffective in preventing infection of tomato by Bad. timie- 
faciens. 

5. Standardized cultural studies of malformations on 407 apple trees 
taken from several thousand received as ^^crowngall” rejects from 22 nur- 
series in 14 states failed to reveal the presence of Bad. timefaciem or any 
organism closely similar to it in 86 per cent of the trees examined. The 
same cultural technique applied to typical crowngall on apple, peach, cherry, 
and plum isolated Bad. timefaeiens from 70 of 73 specimens examined. 
The malformations on the rejected stock which failed to yield the crowngall 
parasite possessed certain characters which were different from those of 
crowngall. Because of the relationship of wounds to their initiation and 
development, they are called wound overgrowths. 

6. Wound overgrowths are shown to occur commonly on young apple 
trees following certain injuries. On grafted apple nursery stock, most such 
overgrowths develop incidentally to the grafting wounds. They are most 
abundant, therefore, about the union of cion and stock. They occur most 
frequently as an overgrowth of the lower tip of the cion. A small number 
of wound overgrowths on grafted stock and practically all those on budded 
stock follow injuries induced in cultivation. 

7. Differential characters of crowngalls and wound overgrowths are 
discussed, 

8. Examinations of representative lots of commercial apple grafts re- 
vealed a sufficient number of misfits to account for most of the wound over- 
growths which develop in the nurseries. 

9. Under experimental conditions in which precautions were taken to 
exclude the crowngall organism, wound overgrowths typical of those found 
in commercial practice have been developed readily from poorly fitted grafts 
or following wounds. In the same experiments, well-fitted grafts developed 
smooth unions. 

10. Wound overgrowths have been controlled in experimental plots with- 
out the use of antiseptics. Important factors in this control were: (a) 
avoiding the use of cions of greater diameter than the stocks to which they 
were fitted, (b) proper fi.t at the lower cion tip, (c) tight wrapping with a 
material which formed a suffleiently strong bandage about the union and 
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maintained its strength, tlironghont the critical period for callusing, but 
rotted before exercising an injurious girdling effect, (d) prevention of ex- 
cessive callus development in storage, and (e) avoidance of injuries during 
cultivation. 

11, Wax and certain antiseptics have been shown to exert a marked 
preservative effect on various wrappers commonly used in grafting work. 
It is probable that such materials may in this way indirectly play a consid- 
erable part in controlling wound overgrowths. Some of the antiseptics 
employed have also reduced wound overgrowth development by injury to 
the lower cion tip and callus. 

12. A survey made in representative nurseries in the North-Central and 
Northeastern United States showed that crowngall on apple was widely dis- 
tributed but was much less prevalent than wound overgrowth. Wound 
overgrowth on apple was found to be commercially controlled in three nur * 
series where appropriate grafting methods were used and quite generally 
where the stock was propagated by budding. 

University of Wisconsin, 

Madison, Wisconsin. 
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EXPLANATION OF PLATES 


Unless otherwise noted all the apple specimens illustrated in these plates are from 
the Wealthy variety. 

Plate XXXYIII 
Crowngall on apple 

A. — Natural infection at the union of a two-year-old grafted tree. 
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B. Crowngall s wliicli TGSuited from inoculations on the cion of a Wealthy apple graft 
at the time of planting. Photographed after one season of growth, A small gall 
appears directly below the larger one. 

G.—Growngall which resulted from , inoculation on a three-year-old Jonathan apple tree. 
Photographed six months after inoculation. The wound was made by a cut which 
extended half way through the stem with an upward inclination. To prevent 
direct healing a strip of medical adhesive plaster was placed in the cut. Although 
the stimuli for callus as well as for crowngall production appear to have been 
present the external characters are those of crowngall. This enlargement should 
be compared with those shown in Plate XLV, D and Plato XLVI, A. 

It is noteworthy that these representative erowngalls are comparatively large in 
relation to the diameter of the trees, and no roots appear from their surface. 

Plate XXXIX 

Wound overgrowths and erowngalls on tliree-year-old fruit trees 

A. — Section through an apple tree showing a wound overgrowth which probably devel- 

oped after an injury at a. The surface bears root primordia and small roots. 

B. — Surface of the wound overgrowth shown in A. 

C. —Section at the union of a grafted apple tree showing a wound overgrowth about the 

lower tip (a) of the cion. 

D. — Section through an apple tree showing a wound overgrowth which probably followed 

an injury evidenced by the dark area at a. Numerous small roots have developed 
from the surface. 

E. —- Section through a Bradshaw plum tree showing a crowngall which probably resulted 

from infection in an injury at b. The soft portion of the gall appears dark 
because of a brown color due to oxidation which occurs rapidly in such tissue. A 
considerable area of vascular tissue appears (a), making this specimen of crown- 
gall very hard. 

P. — Section through an apple tree showing a crowngall which probably resulted from 
infection through a wound evidenced by the dark area at b. Vascular elements 
appear at a, but the outer portion of this gall was comparatively soft. In both 
E and E no roots appear from the surface of the crowngall proper. 
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Plate XL 

Surface and sectional views of wound overgrowths at the union of three-year-old grafted 

apple trees 

A. — Surface view of the union. Boots and root primordia are present on the surface. 

B. — Section of the enlargement shown in A. The lower cion tip (b) of the original 

graft was too long. Small dark spots may be seen (a) which commonly yielded 
bacteria in cultural examinations. These, however, were not the crowngall organ- 
ism. Compare with Plate XLII, 0. The evidence now available indicates that 
these bacteria have little if any influence in the development of the enlargement. 

C. — Surface view of the union. Boots and root primordia are present on the surface. 

D. — Section of the enlargement shown in C. The lower tip of the cion (b) extended 

beyond the cambium (a) on the stock and wound overgrowth developed. Small 
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cavities and fissures (c) may be seen which often contained soil particles and in 
culture yielded bacteria which seemed not to be pathogenic. 


Plate XLI 

Sectional and surface views at the union of one-year-old apple trees 

A. — Section showing the relative positions of the lower cion tip (a) and the exposed 

cambium of the stock (b) of the original graft. The cion tip has been pushed 
away from the stock by a cushion of callus tissue. 

B. —Seetion through a smooth union. The lower cion tip has been pushed slightly away 

from the stock by the cushion of callus (a). Here it may be seen that the upper 
tip of the stock (b) may be long without any significant influence on the develop- 
ment of wound overgrowth. 

G. — Similar to A. 

I). — Surface view of a tree similar to that shown in A. 

E. — Surface view of a tree similar to that shown in B. 

P. — Surface view of a tree similar to that shown in C. 

Plate XLII 

Photomicrographs of crowngall and callus tissue of apple. Material of both kinds was 
collected approximately six weeks after the malformations ’were initiated 

A. — Section through crowngall tissue showing that no definite bark layer is formed at 

the surface (a) but that the outer part may be covered by dead cells. Two sepa- 
rate layers of cells suggesting cambium may be seen, one deeper in the gall than 
the other, at b and b^. Enlargement appears to occur by growth of inner tissue. 

B. — ^Bection through crowngall tissue showing regions of hyperplasia (a and a'). 

C. '— Bection through a small cavity such as may be found both in crowngall and in callus 

tissues. Such cavities may contain soil and bacteria which appear to have little 
if any influence in the development of the enlargement. See Plate XL, B, a, D, c. 

D. — Section through part of a callus showing parenchymatous tissue, the cells of which 

later develop secondary thickening in the walls. 

E. — Section through callus tissue showing that the surface layer is comprised of living 

and actively growing cells ( a) . Later a phellogen and cambium are differentiated 
and growth appears to take place by secondary thickening such as occurs in stems. 

Plate XLIII 

Surface views of the unions of different types of inferior commercial apple grafts 

A. — ^The cion tip (a) is ^ ^ short. The exposed cambium of the cion does not extend 

down as far as that on the root. 

B. — The cion tip (a) is ' ^even. The exposed cambium of the cion is opposite that of 

the root. However, in these cases, due to the type of cut and wrapping, the two 
cambial layers are not held in close contact. The wrapping thread (b) passes 
under the lower cion tip and hinders contact of the cambial layers. Grafts in 
which the lower cion til) stands away from the stock are classed as ‘ ^ loose. ^ ^ 
0,~The cion tip (a) is /‘long. The exposed cambium of the cion extends down be- 
yond that of the root. The pin (b) is opposite the lower extremity of the exposed 
cambium of the root. 

D.^-The cion tip (a) is “blimt/’ These grafts were like those shown in G but the long 
lower cion tip has been cut off, 
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E. — The cion is smaller than the stock. The lower cion tip (a) is short. 

E. — The cion is larger than the stock. The lower cion tip (a) is ^^even. ’^ A consider- 
able portion of exposed cambium of the cion is not in contact with that of the 
root. An exposed portion of the tongue is shown at b. 

G. — A representative commercial graft like those in 0 after being packed in moist saw- 

dust for six weeks. Excess callus has developed at the lower cion tip (a). 

H. — A graft which shows the development of a number of roots at e on the stock. This 

may be the early stage of a development of hairy root like that seen in Plat© 
XLY, A, B, 0. 

Plate XLIY 

The formation of callus on apple cion wood 

A. — Cion wood cut to a feather edge and placed in moist sawdust for two months. Cal- 

lus has developed along the entire cambial surface but particularly at the lower 
tip. 

B. — Grafts with long lower cion tips photographed two months after planting. Consider- 

able excess callus has developed. 

C. — Grafts similar to those in B except that the lower cion tip was properly fitted. No 

excess callus developed. 

The grafts shown in B and C were made by a technique designed to exclude the 
crowngall organism and planted in steamed soil. 

Plate XLY 

Malformations which developed on apple grafts and trees planted in steamed soil 
A, B, and C, — Hairy root on one-year-old apple trees. These roots originated on the 
stock. Compare with Plate XLIII, H. 

T >. — ^Wound overgrowths and hairy root which developed from slanting cuts in three- 
year-old Jonathan trees. Photographed six months after the injury. A piece of 
medical adhesive plaster was placed in each cut to prevent direct healing. 

E. — ^Wound overgrowths which developed at the union of poorly fitted grafts. Photo- 
graphed after one growing season. 

Cultures of all the enlargements shown on this plate were negative for the crown- 
gall organism. • 

Plate XLYI 

Callus and wound overgrowths on apple trees grown in steamed soil 

A. — Similar to Plate XLY, B, except that the photograph was taken two and a half 

months after the injury. The callus had not yet passed into the wound over- 
growth stage. This callus was produced under conditions designed to exclude the 
crowngall organism. 

B. — ^Wound overgrowths at the union of a poorly fitted graft. Photographed one year 

after planting. The enlargement marked a is at the lower cion tip and that 
marked b is on the cion above the upper end of the stock. 

C. — ^Wound overgrowth at the lower cion tip (a). This is typical of the large wound 

overgrowth of tables 3, 4, and 5. This enlargement developed from a graft like 
those shown in Plates XLIII, C, and XLIY, B. Photographed after one grow- 
ing season. 

D. — Wound overgrowth at the lower cion tip (a). This is typical of the small wound 

overgrowths of tables 3, 4, and 5. Photographed after one growing season. 



808 


Phytopathology 


[VoL. 16 


Plate XLVII 

Smooth and malformed unions of apple trees 

A. — ^A smooth union which was wrapped with adhesive plaster which extends from a to 

b. Roots may be seen piercing the plaster. The cracks in the plaster were pro- 
duced by expansion of the tree after the plaster rotted. Photographed after one 
growing season. 

B. — Section at the union of a three-year-old tree. The lower cion tip (a) has produced 

large roots (e and cO which have assumed much greater importance than the 
stock (b) in the growth of the tree. 

C. — A smooth union on a three-year-old tree. The lower cion tip may be seen at a. In 

this case the root has developed a greater diameter than the cion. 

D. — ^Hairy root which has developed from the wound overgrowth produced on a graft 

in which the cion was larger than the root, as shown in Plate XLIII, P. Photo- 
graphed after one growing season. 
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STUDIES ON THE EBACTION TO STEM RUST IN A CEOSS 

BETWEEN FEDERATION WHEAT AND KHAPLI EMMER, 
WITH NOTES ON THE FERTILITY OF THE 
HYBRID TYPES 

H. J. Hynes 1 

It is generally recognized tliat the production of varieties of wheat re- 
sistant to stem rust {Puccinia graminis tritici Erikss. and Hemi.) is one 
of the most hopeful methods of minimizing losses from rust epidemics. This 
is a complex problem, but investigations on the parasitism of the rust 
fungus, together with the inheritance studies on resistance to rust in certain 
crosses, have elucidated the problem considerably. 

The extensive researches of Stakman and his co-workers (8, 12, 14, 15) 
have shown that Puccinia graminis tritici consists of 37 or more physiologic 
forms which can be differentiated by their reaction on 12 varieties of wdieat. 
It is clear, therefore, that if a variety of wheat is classed resistant to stem 
rust it must be resistant to all the physiologic forms which occur in the par- 
ticular locality where it is grown. It is evident also that a wheat may be 
resistant in one region but quite susceptible in another. The problem is 
still one of developing commercial varieties which are resistant to all forms 
of rust. 

KHAPLI IN RELATION TO STEM RUST 

There is only one wheat known, Xhapli, C. I.^ 4013, (15) which is resis- 
tant to all known physiologic forms of stem rust. Many attempts (4) 
have been made to secure a fertile cross between Khapli and Marquis, 
C. I. 3641, in connection with rust breeding work. These crosses did not 
appear at all promising, owing to the high degree of sterility and extreme 
variability of the hybrids. 

The present paper deals with studies on a cross between Federation, an 
Australian mid-season variety of Triticum vvlgarCj and Khapli, an early 
variety of T. dicoccum. The main purpose is to present the results of a 
study of the reaction of the Fg generation of the cross to two physiologic 

1 Walter and Eliza Hall Agriculture Research Hello w, University of Sydney, 
Australia, and Graduate Student of the University of Minnesota. 

2 0. I. = Accession number of the Office of Cereal Investigations, Bureau of Hant 
Industry, U, S. Department of Agriculture. 
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forms of P, grmimis triticL A classification of the Fa and F 3 plants, to- 
gether with the percentage fertility of each, is given in addition to a brief 
statement on the reaction of certain families to several forms of rust in 
the rust nursery, University Farm, St, Paul. 

WHEAT SPECIES CROSSES IN RELATION TO STEM RUST 

The work of various investigators, Tschermak (16, 17), Kezer and 
Boyack ( 6 ), Freeman (1), Hayes et al {2, 5), carried on through the period 
from 1913 to 1924, contributed results which give a clearer understanding 
of the species groups in wheat and the difficulties of making successful 
crosses between them. 

Plant breeders are particularly interested at the present time in the pos- 
sibility of transferring rust resistance from the emmer group to the vulgare 
group. Freeman and Johnson (4), in 1908, made crosses between varieties 
of T. dimmi and T. vulgare and found it difficult to combine the rust-resis- 
tant qualities of the durum parent with the agronomic characters of the 
common types. 

Hayes, Parkei", and Kurtzweil (2) studied the inheritance of reaction 
to stem iTist in crosses between T, vulgare and T. dicoccum and between 
T. vulgare and T, durum. They found partial linkage between rust resis- 
tance and the emmer and durum types and that it was difiicult to secure 
types which were common and resistant. The fact that some crossing over 
occurred shows that by growing large numbers of plants in the Fa and F 3 
generations it is possible to obtain rust-resistant common wheat types. 

The problem of developing rust-resistant common types from crosses 
between wheat species of different chromosome number is very complex. 
In such crosses there is considerable sterility in the resulting progeny. The 
amount of sterility depends upon the compatibility of the chromosomes of 
the parents. Cytological studies by Sax (10), Kihara (7), and Watkins 
(19) have shown that sterility in wheat species hybrids may be due in part 
to gametic sterility resulting from the proportion of univalent to bivalent 
chromnsomes and in part to zygotic sterility which may result in complete 
failure of the zygote to function. The possible elimination of certain 
gametic or zygotic combinations lessens the possibility of obtaining desirable 
types from species crosses. 

The more recent work on wheat species crosses has demonstrated a corre- 
lation between chromosome numbers and essential species characters. From 
his studies on crosses between varieties containing 42 chromosomes 
(T. vulgare) and varieties containing 28 chromosomes (T. durum), Sax 
( 11 ) concludes that it is praetieally impossible to transfer rust resistance 
from the emmer group to the vulgare group, since durum characters are 
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strongly correlated with, the 28 chromosome number. In other words, the 
seven additional univalents contributed by the vulgare parent are respon- 
sible for the parent characters, and, since susceptibility to rust is a vulgare 
character, all segregates which have 12 chromosomes must also be sus- 
ceptible to rust. 

There is evidence to show that this conclusion is not of general appli- 
cation. In the Marquis X lumillo cross Hayes ei al (5) have shown that the 
rust resistance of the durum parent was transferred to a type which had 42 
chromosomes and also the characters of the \uilgare group. Similar results 
were obtained in Marquis x Mindum and Marquis x Velvet Chaff crosses. 
Prom a cross of Marquis x lumillo with Marquis x Kanred it appeared that 
two chromosomes or parts of chromosomes which contained factors for resis- 
tance were obtained from the durum parent and were combined with chromo- 
somes of the vulgare group. 

These results indicate the possibility of transferring the resistance to 
stem rust from the 28-chromosome group to the 42-ehromosome group. This 
of course must be difficult since resistance is not only determined by several 
factors, but chromosome irregularities enter in, which make the obtaining of 
homozygous individuals of the desired genetic constitution much more 
difficult. 

MATERIALS AND METHODS 

In the spring of 1921 the writer crossed Pederation wheat {Triticum 
vulgare) and Khapli emmer {T, dicoccum), Por this work, plants of the 
parent varieties were made available by Mr. W. L. ’Waterhouse in the ex- 
perimental plot, Sydney University, New South Wales, Australia. The 
grain from which the sowings of these varieties were made had been secured 
from Mr. J. T. Pridham, Plant Breeder at the Experiment Parm, Cowra, 
and was labelled ^^pure line’’ seed. 

The usual technique was employed in making the crosses (3). As a re- 
sult of artificially pollinating about 15 emasculated flowers of Pederation 
wheat with pollen taken from the Khapli parent, five somewhat shrivelled 
grains were produced. The P^ plants, four in all, were quite normal and 
produced heads bearing plump grain. The heads were intermediate for 
those characters which separate the parental types. The Ps grain was also 
sown in the experimental plot at Sydney University, and in December, 1923, 
42 Pg plants were harvested. Some plants died in the early stages, and 
others lived until the early boot stage and then died. Studies on the Ps, Pg, 
and P4 generations were made at the Section of Plant Pathology, Univer- 
sity of Minnesota. 

The P2 generation consisted of plants of very different types which were 
classified with the assistance of Dr. IT. K. Hayes of the Section of Plant 
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Breeding (Plates XL VIII and XLIX). The percentage fertility was then 
determined on the basis of the number of seeds set per spike. A portion of 
the grain from each plant was reserved for planting in the field at Univer- 
sity Farm, St. Paul, while the remainder was sown in the greenhouse in con- 
nection with a study on the reaction of the Fg generation to two physiologic 
forms of stem rust. 

The soil used for the greenhouse experiments was steam sterilized before 
potting in order to avoid injury to the seedlings by root-rotting fungi. Five 
seeds were sown to a pot. The seedlings were grown during the summer of 
1924 in a greenhouse in which there were no rust-infected plants. When 
they were about 3 inches high, they were inoculated with urediniospores of 
form 15 and then incubated in a moist chamber for 48’ hours. At the end 
of this time they were placed on well-lighted greenliouse benches where the 
temperature and moisture conditions were kept as uniform as possible. The 
methods used in inoculation were the same as those employed by Stakman 
and Piemeisel (13). Control plants of the parent varieties were inoculated 
at the same time as each set of hybrids. 

Notes on the types of infection with both physiologic forms were taken 
from 18 to 20 days after the date of inoculation. It was found that environ- 
mental conditions influenced to some extent the amount and rapidity of 
rust development, but the character of infection was always fairly constant 
regardless of external factors. 

After notes on the infection produced by the first form had been re- 
corded, the infected leaves were removed and the plants thoroughly sprayed 
to remove any remaining spores. These plants were then set aside, and, 
when the next leaf emerged, were inoculatd with form 27. After incubation 
they were placed in an adjoining section of the greenhouse where there were 
no rust-infected plants. Thus there was practically no chance of accidental 
contamination. 

A higher percentage of infection was obtained with form 15 than with 
form 27. This apparently was due to essential differences between the first 
and second leaves rather than, as Puttiek (9) suggests, to the difficulty of 
keeping a film of moisture on the second leaf during the incubation period. 
With special attention a completely saturated atmosphere was maintained 
during this period. On removal from the incubator there was a film of mois- 
ture over the entire leaf surface. 


In recording the types of infection the symbols prepared by Stakman 
and Levine (15) in their work on physiologic specialization were used 
(Table 1). 
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TABLE 1. — ^Explanation of symbols med to indicate types and degrees of infection pro- 
duced ty physiologic forms of JPuocmia graminis on 'varieties of wheat 

Types of infection 

0 — ^Immune 

No uredinia developed; hypersensitive flecks usually present, but sometimes there 
is apparent absolutely no trace of mycelial invasion in the host tissues. 

1 — ^Very Resistant 

Uredinia minute and isolated; surrounded by sharp, continuous, hypersensitive, 
necrotic areas. 

2 — ^MODERATEiLY RESISTANT 

Uredinia isolated and small to medium in size; hypersensitive areas present in 
the form of necrotic halos or circles ; pustules often in green, but slightly 
chlorotic, islands. 

3 — Moderately Susceptible 

Uredinia medium in size; coalescence infrequent; development of rust somewhat 
subnormal; true hypersensitiveness absent; chlorotic areas, however, may be 
present. 

4— Very Susceptible 

Uredinia large, numerous and conduent; true hypersensitiveness entirely absent, 
but chlorosis may be present under certain conditions. 

X — ^Heterogeneous 

Uredinia very variable, apparently including all types and degrees of infection 
on the same blade ; no mechanical separation possible ; on reinoculation small 
uredinia may produce large ones, and vice versa. Infection ill defined. 


(=) — Trace 


Degrees of infection 


Uredinia very few in number ; development of rust generally poor and decidedly 
subnormal. 


( — )— Slight 

Rust development below normal, but somewhat better than ^ ^ trace. 


(±) — Moderate 

Variation in rust development from ^ ^slight'’ to ^ ^ considerable ^ ; when infec- 
tion is uniform but only medium in quantity the symbol is omitted. 


— Considerable 

Infection better than normal; uredinia fairly numerous and scattered. 


( ; )— Flecks 

Hypersensitiveness with no uredinia. 
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111 the rust reactions recorded for the hybrid material the symbols n 
n, and n + were included under each degree of infection in the moderately 
susceptible and very susceptible classes. This referred to the degree of 
necrosis; n- indicated very little necrosis; ii, moderate necrosis; and nn-, 
very pronounced necrosis. 

PHYSIOLOGIC PORMS USED 

In June, 1924, there were about 14 physiologic forms of P. graminis 
tritici available in the greenhouse. Although the reaction of Khapli, C. I. 
4013, to these forms was known, it was necessary to know the reaction of 
Federation, C. I. 4734, before selecting forms for test on the hybrids. Table 
2 gives the average types of infection obtained with several forms on Fed- 
eration and Khapli. 

TABLE 2. — Hemtion of Federation and Khapli to ten physiologic forms of Pucoinia 
graminis tritici, expressed hy type of infection produced 


Type of infection produced by pliysiologic form 


Variety 

lA" 

3Aa 


15 

17Aa 

19 

21 

27 

33 

38 

Federation ... 

4- 

4 

4- 

4+n.- 

4 

4 

44 

4 _n+ 

4 4 

4 4 

Khapli 

1- 

1 

1 1 

1 = 

1- 

1-. 

. 1- ^ 

1 + 

1 

1- 


a Single spore cultures kindly made available by Dr. M. N. Levine. Arabic figures 
indicate form numbers; caxfital letters designate different monosporous cultures. 


It was not possible to select forms which reacted reciprocally on the 
parents of the hybrids, since Khapli is resistant to all known forms. Forms 
15 and 27 were selected. The former is strongly parasitic on all the ^'dif- 
ferential hosts except Khapli; the latter is a less virulent form. 

Form 15 was collected on wheat at Pusa, India, in March, 1923. Form 
27 was likewise collected in India in February, 19'23, and was definitely 
identified in October of the same year. When used in the present investi- 
gation, both forms had been cultured through approximately 20 uredinio- 
spore generations without any indication of a change in their parasitic 
behavior. 

BASIS POE INTERPRETING RUST REACTIONS 
The results obtained were interpreted largely on the basis of the reac- 
tions of the parental varieties to forms 15 and 27. It was considered that 
all plants which gave a reaction of from 0 to 3 = were resistant ; plants 
which showed a high degree of hypersensitiveness in the 3+ classes were 
placed in the moderately resistant class. In fact it seems reasonable to 
assume that plants falling in the 3 4- class with sharp necrosis were just as 
resistant as those falling in the 3 or 3- classes without necrosis. Admit- 
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tedly the line of demarcation between susceptibility and resistance is an 
arbitrary one, but for the purpose of separating resistant and susceptible 
families from the plant breeding standpoint the scheme adopted seems to be 
warranted. 

EXPERIMENTAL RESULTS 
THE Fq PLANTS OF FEDERATION X KHAPLI 

The data taken on the Fg plants are summarized in table 3. The hybrids 
were classified on the bases of prominence of keel, compactness of head and 
brittleness of the rachis. As already indicated, the percentage fertility was 
determined on the basis of the number of seeds set per spike. 

The F 2 plants were either of the emmer, durum, vulgare or intermediate 
types. The percentage fertility varied considerably, ranging from 0 to 100 
per cent. These results are in accord with those obtained by other workers 
on emmer- vulgare crosses. The F^ is usually partially sterile, while in tlie 
F 2 variation occurs between complete fertility and complete sterility ; the 
plant characters are those of the parent varieties, or intermediate between 
them. 


Table 3 . — Cladsiftcation and percentage fertility of indiridnal plants of Federal 

tionxKJiapU 


Type 

Percentage 

fertility 

Type 

Percentage 

fertility 

Type 

Percentage 

fertility 

Vulgare 

37 

Intermediate 

41 

Emmer 

6 

do 

1 22 

do 

40 

do 

6 

do 

1 

do 

39 

do 

5 

Intermediate 

100 

do 

38 

do 

5 

do 

93 

do 

26 

do 

^ 2 

do 

76 

do 

17 

do 

2 

do 

73 

do 

8 

do 

1 

do 

72 

do 

4 

Durum 

. 59 

do 

65 

do 

0 

do 

58 

do 

63 

Emmer 

95 

do 

46 

do 

63 

do 

46 

do 

40 

do 

58 

do 

26 

do 

39 

do 

46 

do 

16 

do 

24 

do 

41 

do 

11 

do 

3 


RESULTS OBTAINED FROM INOCULATING Fg SEEDLINGS WITH FORMS 15 AND 27 

The types of infection obtained on the Fg seedlings with forms 15 and 
27 are summarized in tables 4 and 6 respectively. In general, the percent- 
age of infection obtained was quite satisfactory, although in a lew families 
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tliere is evidence of little inf eetion. Many plants which gave a ^ ^ 0 ” reac- 
tion from the first inoculation were again inoculated to ascertain whether 
they were really immune. Many of these proved to he susceptible. A 
fairly large percentage of plants inoculated with form 27 escaped infection. 
This apparently was due to the fact that the leaves inoculated with this 
form had reached a stage of development which was unfavorable for opti- 
mum infection. In analyzing the results those plants which appeared im- 
mune (0 reaction) were disregarded. 

A study of the infection data showed a very wide range in type of infec- 
tion. Some families exhibited practically all types and degrees of infection, 
together with varying degrees of necrosis. In recording the results it 
seemed that possibly there were genetic factors which determined pustule 
development and others, again, which determined the degree of hypersensi- 
tiveness. Some plants in certain families developed the parental types of 
infection, and between these extremes were plants which showed all grada- 
tions of infection. These were apparently intermediates. Plants inocu- 
lated with form 15 obviously could not give reactions which transgressed 
those of the parental varieties on account of the extremes of susceptibility 
and resistance of Federation and Khapli respectively. With form 27, how- 
ever, some plants appeared more susceptible than Federation. In family 
41 there were 6 plants out of 58 infected which were more susceptible than 
the susceptible parent. This may be a case of transgressive segregation. 

Out of a total of 1492 Fg seedlings inoculated with form 15, 1258 were 
infected; while with form 27, 527 individuals were infected out of a total 
of 917 inoculated. The results are summarized in tables 4 and 6. This was 
done according to the following scheme : 

Eesistant. Plants showing 0; to 3 = reactions inclusive. 

Intermediate. Plants showing 3 - to 3 do do 

Susceptible. Plants showing 3 +^ to 4+ do do 

Each family was then classified according to the distribution of infection 
as follows : 

S— Homozygous for susceptibility. 

HS — Heterozygous, with susceptibility dominant. 

H — Heterozygous. Plants evenly distributed in all classes. 

HE— Heterozygous, with resistance dominant. 

E — Homozygous for resistance. 

From table 4 it is seen that nearly half the number of families fall into 
the H class in their reaction to form 15. Of the remaining families, 10 are 
classified as HS, and 3 as HR. 
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In analyzing the data, it appeared that there were two, and probably 
three, disturbing factors which precluded an exact genetic interpretation of 
the results. The first was the low percentage of fertility of certain families. 
In crosses between varieties of T. vidgm'e and T, dicoccum considerable 
sterility results. This might cause the elimination of certain gametic or 
zygotic combinations, thus probably eliminating the type desired. Another 


Table 4. — Summary of results showing the reaction, of the parent varieties and families 
of Federation X Kliapli to P. gramims tritici f. 15 Stale, and Lvne. and 
the number of individuals in each class 


Parents or 
Eg hybrid 
families 

Eeaetion 

of 

family 

Number 

inoculated 

Per cent . 
infected 

Resistant 

Intermediate 

Susceptible 

Total 

Federation 

S 

60 

95 

0 

0 

57 

57 

Kliapli 

E 

26 

88 

23 

0 

0 

23 

1 

HS 

328 

86 

21 

49 

212 

282 

2 

HS 

83 

89 

1 

8 

65 

74 

3 

HS 

76 

87 

7 

11 

48 

66 

4 

HS 

47 

85 

2 

6 

32 

40 

5 

H 

39 

79 

8 

5 

18 

31 

6 

H 

4 

100 

0 

4 

0 

4 

7 

H 

33 

97 

4 

16 

12 

32 

8 

H 

9 

100 

5 

1 

3 

9 

9 

HE 

16 

Too 

13 

2 

1 

16 

10 

HS 

208 

73 

11 

19 

121 

151 

11 

H 

21 

81 

6 

1 

10 

17 

12 

HS 

25 

96 

1 

2 

21 

24 

. 13 

HS 

84 

94 

7 

17 

55 

79 

16 

H 

5 

100 

2 

0 

3 

5 

18 

H 

6 

100 

3 

1 

2 

6 

21 

H 

18 

100 

3 

4 

11 

18 

22 

H 

7 

86 

0 

3 

3 

6 

23 

HS 

23 

91 

1 

4 

16 

21 

25 

H 

3 

100 

1 

0 

2 

3 

26 

HE 

12 

58 

3 

3 

1 

7 

27 

H 

28 

100 

12 

7 

9 

28 

28 

HS 

14 

64 

2 

0 

7 

9 

29 

H 

15 

73 

4 

3 

4 

11 

30 

H 

108 

88 

25 

34 

36 

95 

32 

H 

62 

98 

18 

18 

25 

61 

33 

HS 

59 

90 

4 

18 

31 

53 

34 

H 

24 

29 

2 

2 

3 

7 

35 

HE 

16 

81 

8 

3 

2 

13 

39 

HE 

27 

56 

10 

2 

3 

15 

41 

H 

92 

76 

12 

27 

31 

70 


te 

It- 
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factor is the possibility of cross pollination in hybrids. Hayes, Parker and 
Kurtzweil (2) give evidence of natural crossing which occurred in the Pg 
generation of a vulgare x durum cross. This fact emphasizes the necessity 
for caution in analyzing data. Unless special care is exercised, it is probable 
that the inheritance of certain characters of the hybrid parents might be 
inaccurately determined. The small number of families and the compara- 
tively small amount of grain available for the greenhouse tests also added 
to the difficulty in analyzing the rust data. 

A larger number of seeds was sown than seedlings inoculated. This 
was due partly to the failure of some seeds to germinate and partly to Hel- 
minthosporium infection which caused some seedlings to die in the early 


Table 5 . — Meiiction of certain Pa families of Federation xKha'pli to P. gramims tritici 

f. 15 Stale, and Lvne. 


Hamily 

No. of plants 
as resistant 
as Khapli 

No, of plants 
more susceptible 
tban Kliapli 

Calculated 
and observed 
ratios 

Deviation 

Probable 

error 

1 

12 

270 

15:1 

63:1 

2.1 

5.4 

2 

1 

73 

63:1 

0.22 

3 

2 

64 

15:1 

63:1 

1.6 

1,42 

13 

2 

77 

15:1 

63:1 

2.03 

1.03 

27 

7 

21 

3:1 

0.0 

32 

11 

50 

3:1 

15:1 

1.8 

5.6 

33 

3 

50 

15:1 

0.26 

4JL 

3 

67 

15:1 

63:1 

1.004 

2.7 


stages of growth. All soil was sterilized before potting ; the infection from 
Helminthospormm presumably resulted from grains which showed “black 
point.” 

The interpretation of the results in terms of Mendelian ratios is there- 
fore scarcely possible. In any case it is evident that the number of seed- 
lings available in certain families for the rust tests was much too small for 
a genetic analysis. For this reason, families with less than eight seedlings 
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were disregarded in the analysis. It is realized that eight plants is too 
small a number to- indicate definitely the genetic nature of the F 2 parent, 
yet the results obtained are sufficiently reliable to indicate the number of 
factors involved. On this basis, then, it is evident from table 4 that the 
ratio is as follows : 

0 S : 10 HS : 10 H : 3 HE : 0 R 
The plants in family 9 were for the most part resistant; it is possible 
that the plant which showed a ^‘4’^ type of infection may have resulted 


TABLE 6 . — Summary of results showing the reaction of the parent varieties and Fz 
families of Federation xKhapli to P. graminis tritici f. Stale, and Lvne,, 
and the mmher of individuals in each cla^s 


Parents or 
Eg hybrid 
families 

Beaetion 

of 

family 

Number 

iiioeulated 

Per cent 
infected 

Resistant 

Intermediate 

Susceptible 

Total 

Eederatioii 


32 

100 

0 

0 

32 

32 

Khapli 

K 

26 

96 

25 

0 

0 

25 

1 

HE 

110 

21 

16 

6 

1 

23 

2 

H 

22 

73 

1 

7 

8 

16 

3 

HS 

21 

67 

0 

6 

8 

14 

4 

H 

29 

72 

5 

7 

9 

21 

5 

H 

31 

65 

5 

10 

5 

■ 20 

7 

1 H 

19 

63 

3 

5 

4 

1 12 

8 

H 

10 

60 

2 

2 

2 

6 

9 

H 

9 

56 

1 

4 

0 

5 

10 

HE 

132 

35 

28 

10 

8 

46 

11 

H 

15 

53 

! 3 

3 

2 

8 

12 

HS 

15 

87 

1 

3 

9 

13 

13 

H 

57 

74 

1 6 

19 

17 

42 

16 

HE 

6 

50 

2 

1 

0 

3 

18 

H 

5 

60 

2 

0 

1 

3 

21 

HS 

11 

91 

1 

2 

7 • 

10 

22 

H 

7 

71 

2 

■ 2 

1 

5 

23 

8 

13 

77 

0 

0 

10 

10 

26 

H 

13 

69 

4 

0 

5 

9 

27 

H 

23 

87 

3 

8 

9 

20 

28 

H 

12 

92 1 

5 

3 

3 

11 

29 

H 

20 

90 

11 

2 

5 

18 

30 

H 

97 

67 

32 

20 

13 

65 

32 

HE 

40 

70 

17 

9 

2 

28 

33 

H 

54 

41 

6 

6 

10 

22 

34 

HE 

21 

67 

10 

2 

2 

14 

35 

HE 

10 

60 

5 

1 

0 

6 

37 

H 

2 

100 

1 

1 

0 

2 

39 

HE 

22 

59 

10 

1 

2 

13 

41 

HS 

85 

68 

6 

4 

48 

58 

42 

H 

■ 1 

6 

67 

2 

1 

1 

4 
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fro-m open pollination. Assuming that this is so and that the family is re- 
sistant, the ratio would be 22 susceptible to 1 resistant. This could be ex- 
plained fairly satisfactorily on a two factor hypothesis. There is a devia- 
tion from the expected of 0.56 times the probable error which indicates a 
good agreement between the observed, 22:1, and the calculated 15:1. The 
fact, however, that none of the families are homozygous for susceptibility 
or resistance and that there are all grades and intergrades of infection in 
certain families precludes the probability of such a type of inheritance. 
The results are explained on the basis of multiple factors. 

A study of certain Fg families in regard to their reaction to form 15 is 
given in table 5. Considering that susceptibility or an intermediate type 
of infection is dominant over the Khapli type of resistance, and arranging 
the material in two classes : 1, as resistant as Khapli, and 2, more susceptible 
than Khapli, it is possible to approximate roughly the number of genetic 
factors involved. While this method is somewhat questionable, it gives some 
idea of the complexity of the results. 


Table 7. — Beaction of certain families of Federation x Khapli to F. graminis tritici 

f. ^7 Stale, and Lvne. 


Hamily 

No. of plants 
as resistant 

1 as Khapli 

No. of plants 
more susceptible 
than Khapli 

Calculated 
and observed 
ratios 

Deviation 

Probable 

error 

4 

1 

20 

15:1 

0.41 

5 

2 

18 

3:1 

2.3 




15:1 

1.02 

. ■ 

13 

2 

40 

15:1 

0.58 

27 

1 

19 

15:1 

0.34 

33 

3 

19 

3:1 

1.8 




15:1 1 

2.1 

41 

2 

56 

15:1 

1.3 




63:1 

1.7 


No definite conclusions can be drawn from the data presented in table 5. 
It would appear, however, that in families 2, 27, and 33 the observed and 
the calculated agree rather well. In families 1 and 32 the observed ratios 
seem to agree fairly well with the calculated ratios, 15 :1 and 3:1 respec- 
tively. 

An analysis similar to that given for results with form 15 was made for 
data obtained with form 27. (See also Plates L and LI.) This is tabulated 
in table 6. Disregarding families with less than eight plants, the ratio is as 
follows : 
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IS : 4HS : 12 H : 5 HR : OR 

In family 1 only one plant ont of 23 was susceptible. If tMs family is 
considered resistant, the ratio 21 susceptible to 1 resistant approximates a 
15 :1 ratio. There is a deviation from the expected of 0.48 times the prob- 
able error. For reasons previously given, however, the reaction of the Fg 
generation to form 27 is interpreted on a multiple factor basis. 

Following the scheme adopted in table 5, an analysis was made of the 
reaction of certain Fg families to form 27. These results are presented in 
table 7. It would appear that the observed ratios in each of the families 
4, 13, and 27 agree rather well with the ratio calculated, 15:1. 

COMBINATIONS OF SUSCEPTIBILITY AND RESISTANCE OP Fg FAMILIES TO 
FORM 15 AND FORM 27 

The results obtained with form 15 and form 27 for those families which 
were inoculated with both forms are correlated in table 8. Various com- 


Table 8. — The classified reaction of individual families of Federatio7i x Khapli to 
forms 15 a7id of P. grammis tritioi 


Beaetion to 
form 27 

Beaetion to form 15 j 

Total no. 
of 

families 

B 

HB 

H 1 HS 

S 

B 






0 

HB 


35a, 39 

16 32, 

34 

1, 10 


7 

H 


9, 26 

5, 7, 

8, 11 
is, 22 

27, 29, 

30 

2, 4, 

13, 28, 

33 

j 

16 

HS 



21, 41 

3, 12 


4 

S 




23 


1 

Total no. 
of 

families 


4 

14 

10 

0 

28 


aEaeli number represents the F,^ family number. Families with less than eight 
individuals are underlined. 


binations resulted. No families appeared, however, which were homozygous 
for susceptibility or resistance to both forms. There were two families 
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which appeared heterozygous in their reaction to the two forms, with sus- 
ceptibility dominant. One family reacted as heterozygous to both forms, 
with resistance dominant. Many families fell into the PI class when their 
reaction to forms 15 and 27 was correlated. Some were heterozygous to 
one form and heterozygous, with susceptibility dominant, to the other form. 
One family appeared heterozygous to form 15 and heterozygous, with re- 
sistance dominant, to form 27. 

Families 1 and 10 were the most promising from the agronomic stand- 
point. Each of these was classified as heterozygous, with susceptibility 
dominant, to form 15 ; and heterozygous, with resistance dominant, to form 
27. In both families the plants consisted of vulgare, intermediate, emmer, 
and durum types but the intermediate type predominated. 

THE F3 PLANT TYPES 

A portion of the grain harvested from each Pg plant was sown in the 
field at University Farm, St. Paul, in the spring of 1924. Some of the 
grains failed to germinate while others grew to the ''tufU' stage and then 
died off. From the sowing 371 plants were harvested. These were of 
various types and showed wide differences in percentage fertility. Of the 


Table 9. K^imhers of plants of Federation x Khapli of different fertility percent-' 
ages in each of the four wheat classes 


Percentage 

fertility 

Vnlgare 

Intermediate 

Emmer 

Durum 

0 

4 

8 

28 

22 

1-5 

1 

3 

8 

7 

6-10 


5 

9 

11 

11-15 

2 

4 

8 

8 

16-20 

' 2 

7 

7 


21-25 

5 

7 

4 

5 

26-30 

2 

3 

7 

3 

31-35 

1 

7 

3 

4 

36-40 

4 

11 

5 

6 

41-45 

1 

19 

9 

6 

46-50 1 

3 

13 

4 

2 

51-55 

3 

11 

3 

4 

56-60 

9 

19 

2 


61-65 

2 

12 

1 

1 

66-70 

3 

3 

3 

3 

71-75 

1 

8 


1 

76-80 

1 

1 



81-85 


2 


1 ■ 

Totals 

44 

CO 

I— i 

101 

'83 
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total number of plants, 71 were dwarfs and the remainder of normal type. 
These dwarfs varied from 8 to 12 inches in height. Some were quite sterile, 
while in others about 30 per cent of the spikelets produced grain, 

A detailed study was made of the morphological characters of each plant 
and the types classified from the data obtained on the density^ of the heads, 
prominence of keel, and percentage of grain which, thrashed free of the 
glumes after being put once through an individual plant thrasher. The 
percentage fertility was determined from counts made on the number of 
florets and number of grains set per spike. All determinations made were 
based on the examination of two representative heads from each plant. The 
individual plant data which formed the bases of classification is not pre- 
sented here. It is of interest, however, to know the number of individuals 
which fell into the various classes and the fertility of each. This informa- 
tion is given in table 9. 

Of the 30 F2 plants grown in the F3 generation, 15 were intermediates, 
7 were durums, 6 were emmers, and 2 were vulgare-like. The progeny of 
five of the Fg durum plants bred true for characters of the durum class, 
though they were not absolutely fixed. Most of the progeny of the F2 inter- 
mediates consisted of types belonging to the emmer, durum, vulgare, and 
intermediate classes, while the Fg emmer plants produced progeny of emmer 
and durum types. A few of the Fg durum plants gave progeny in the F3 
which consisted of durum and emmer types. No attempt was made to dif- 
ferentiate between the emmer and spelt types. These types were classified 
together. A study of the figures for density of head showed that both lax 
and dense types were to be found in the three classes, emmer, durum, and 
vulgare. The character of the keel on the outer glume and the percentage 
of grain which had adherent glumes after thrashing, however, served to dif- 
ferentiate these three types. 

REACTION OF F 4 FAMILIES TO STEM RUST IN THE FIELD 

About 125 F3 plants which were of intermediate or vulgare type, and 
which produced good quality grain, were selected to test the reaction of the 
progeny to stem rust in the field.^ These tests were carried out in the rust 
nursery, University Farm, St. Paul, in the summer of 1925, when the sea- 
sonal conditions were particularly favorable for the development of rust. 
Thirteen physiologic forms of P. graminis triiici were used to produce the 
epidemic. 

3 Density of head was calculated by dividing the length of the head in millimeters 
by the number of spikelets less one. 

4 Twenty-dve to thirty grains of each plant sown. 
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All of the hybrid material was susceptible, or of a semi-resistant nature 
which closely approached susceptibility. Some lines, however, appeared to 
be segregating for a susceptible and semi-resistant type of reaction. The 
percentage rust development on the hybrids varied from 65 to 100 , although 
one line which was from an intermediate plant appeared semi-resistant and 
had 50 per cent infection. The Federation parent had on the average 100 
per cent rust, while Khapli averaged 5 per cent in the development of rust. 
The progeny of a number of F 3 emmer and durum plants were also included 
in the test, and these proved to be quite susceptible. There appeared to be 
no relation between head type and rust reaction. The results of the F^ rust 
tests are presented in table 10 . 


TABLE 10 . — The reaotion of certain families of Federation x Khapli to thirteen 
physiologic forms of stem rust in the Fust Nursery, University Farm, St. Paul, showing 
the numher of families in the different wheat classes^ 


Percentage 
stem rust 

Number of families 

Vulgare 

Intermediate 

Emmer 

Durum 

50 


1 



{sE 


3 

1 


{Ie 

2 

2 

8 

5 


«« {Ie 


2 

2 


85 IL 

1 




( SB 

1 

1 



{Ie 

7 

3 

7 

8 

7 

1 

1 

{Ie 


12 

9 

1 

1 

100 s 

24 

32 

52 

6 

Segregating 


4 




“ The olassifleation is that of the Ej parent plants. 
, i> SE = semi-resistant. 

' S = susceptible. 


These results serve to emphasize the difficulty of obtaining from species 
Cl osses, wheat varieties which are of common type and which are resistant 
to several forms of rust. Further work is in progress dealing with the reae- 
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tion of certain Fg families to the two physiologic forms of stem rust which 
are present in Australia (18). 


summary 

1. In 1921 a successful cross was made between Federation wheat 
{Triticum vtdgare) and Khapli emmer (T. dieocciim). This was done at 
Sydney University, New South Wales, Australia. 

2. The Fi generation consisted of partially sterile intermediate types. 
In the Fg many different types appeared which showed in varying degrees 
the characters of the vulgare, emmer, durum, and intermediate groups. 
Variation occurred between complete fertility and complete sterility. 

3. A study was made of the parasitic capabilities of two physiologic 
forms of Puccinia graminis triiici on the Fg hybrids under glasshouse con- 
ditions. 

4. Forms 15 and 27 were selected for the tests. These were known to 
be constant in their parasitic behavior. Federation, C. I. 4734, was suscep- 
tible to both forms, and Khapli, C. I. 4013, resistant to both. 

5. Thirty Fg families were inoculated with form 15 when about three 
inches high. After the infection types were recorded, the first leaf of each 
plant was removed and the second leaf inoculated with form 27. In analyz- 
ing results families with less than eight individuals were disregarded. 

6. Some Fg families showed all gradations between complete resistance 
and complete susceptibility to both forms of rust. With both forms there 
appeared all combinations of size of uredinia and degree of hypersensi- 
tiveness. 

7. The inheritance of resistance and susceptibility in the Fg generation 
to forms 15 and 27 may be interpreted on a multiple factor hypothesis. 

8. One family appeared homozygous for susceptibility to form 27 al- 
though no families were homozygous for resistance to either of the forms. 
Some families were heterozygous, with resistance or susceptibility dominant ; 
others were distinctly heterozygous, with plants evenly distributed in the 
resistant, intermediate, and susceptible classes. 

9. Combinations of susceptibility and resistance of individual Pg fam- 
ilies to the two physiologic forms were studied. One family was hetero- 
zygous in its reaction to both forms, with resistance dominant. 

10. Part of the progeny of thirty Pg plants was grown in the field at 
University Farm, St. Paul. Of a total of 371 plants harvested, 71 were 
dwarfs and the remainder of normal type. These plants were classified into 
emmer, durum, vulgare and intermediate groups on the bases of prominence 
of keel, density of heads, and the percentage of grain which had adherent 
glumes after threshing. Some of the Fg durum plants’ progeny bred true 
for characters of the durum class, while most of the Pg intermediate and 
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emmer types segregated in the P^ generation. All variations in fertility 
occurred between 0 and 85 per cent. 

11. The progeny of over 200 Pg plants from the vulgare, intermediate, 
emmer, and durum classes was tested in the rust nursery for reaction to 13 
foinns of stem rust. Most of the families proved to be susceptible, but some 
were segregating for a susceptible and semi-resistant type of reaction. The 
rust development on the hybrids varied from 50 to 100 per cent. The re- 
action of most families was a susceptible one although, some were semi- 
resistant. There appeared to be no relation between head type and rust 
reaction. 

12. The reaction of certain Prj families to the two forms of stem rust in 
Australia is now under investigation. 

In conclusion the writer desires to acknowledge his indebtedness to Pro- 
fessors E. C. Stakman and H. K. Hayes, of the University of Minnesota, for 
helpful advice and criticism, and also to Mr. 0. S. Aamodt, of the United 
States Department of Agriculture, for recording infection notes on the 
hybrid material grown in the rust nursery, University Parm, St. Paul. 

Minnesota Agricultural Experiment Station, 

St. Paul, Minnesota. 
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Explanation op Plates 

PLATES XLVIII AND XLIX 

Eepresentative types showing face and side views of Eg of a cross between 

Pederation wheat and Khapli emmer. The first two pairs of heads in the top section 
of Plate XLVIII are from typical plants of the parent varieties. 

PLATES L AND LI 

Eeaction of Eg plants of Pederation x Khapli and the parent varieties showing 
types of infection obtained with Fuccinia graminis tritici form 27: — 

A. 0; P. 311 

B. 1 G. 4 

C. 2 H. 4n 

D. X I. 1 (Khapli) 

E. 3 J. 4»+ (Pederation) 
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SEED TREATMENTS FOR THE CONTROL OF BUNT OF WHEAT" 

P R E D 3Sr . B E I G G S 2 

INTRODUCTION 

TLe popularity of the copper carbonate dust treatment for the control of 
bunt (TilleUa iriiici [Bjerk.] Winter) in wheat has induced a number of 
chemical companies and indmduals to undertake the production of other 
chemical dusts to be used for the control of seed-borne diseases, especially 
those of cereals. At about the time the value of the copper carbonate dust 
treatment was established in this cO'untry a number of organic mercury com- 
pounds were introduced for experimental use. From time to time new fun- 
gicides, both dust and liquid, have been received and tested for the control 
of bunt at Davis, California, during one or more years. The data are neces- 
sarily fragmentary because all of the fungicides were not available during 
the entire period and others were dropped after one year because they 
proved ineffective. 


HISTORY 

The literature dealing with seed treatment for the control of bunt has 
become so extensive that no attempt will be made to review all of it in this 
paper. As early as 1902 Von Tubeuf (9) controlled bunt successfully with 
copper carbonate dust made in his own laboratory. Apparently no prac- 
tical use was made of copper carbonate for the control of bunt as a result 
of Von Tubeuf experiments. In 1904 Bolley (1) reported an unsuccess- 
ful attempt to find a satisfactory dust treatment for the control of bunt. 
Also, the same year, Wheeler (10) reported that ozonit gas powder, with 
which he had experimented, would not control bunt. In 1915 Darnell-Smith 
(2) reported satisfactory control of bunt with copper carbonate, and Mackie 
and Briggs (4) introduced copper carbonate into the United States for bunt 
control in 1920. Since that time it has become the most popular treatment 

1 Cooperative investigation between tlie Bureau of Plant Industry, United States 
Department of Agriculture, and the Agiicultural Experiment Station of the University 
of California. Throughout the entire progress of this investigation the writer has re- 
ceived many helpful suggestions from Professor "W. W. Maekie of the Division of Agron- 
omy, University of California, and from Dr. W. H. Tisdale of the Office of Cereal Inves- 
tigations. 

2 Assistant Pathologist, Office of Cereal Investigations, Bureau of Plant Industry, 
United States Department of Agriculture. 
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TABLE 1 . — The of various liquid fungicides for the control of hunt of White Federation wheat at Davis j California 
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for the control of bunt in this country because of its etfectiveness as a fungi- 
cide, lack of seed injury, and ease of application and low labor cost. 

Tisdale et al (8) have recently given an account of the development of 
chlorphenol mercury as a bunt fungicide. It is the basis for such com- 
mercial preparations as XJspulun, Chlorophol, and Semesan. Riehm (7) 
and Remy and Vasters (6) were pioneers in the development of the chlor- 
phenol mercury treatments. 

methods 

A pure line White Federation wheat was used in these experiments be- 
cause it is a bunt-susceptible wheat and because the smut counts are rela- 
tively easy to make in a white-chaffed variety. Three lots of seed were 
inoculated with spores of bunt, Tilletia triticA, with the following propor- 
tion of bunt spores to seed by weight : 1 : 250, 1 : 750, and 1 : 1500. The 
thx*ee rates of inoculation were used to secure a better indication of the 
range of effectiveness of a given fungicide than could be obtained with a 
single lot. 

Duplicate sowings were made in rod rows which were spaced 12 inches 
apart. One hundred and fifty seeds were sown in each row. 

At harvest time the plants were pulled and the total number recorded 
in order to get an idea as to the effect of the various treatments on the 
stands of grain. The total number of heads and the smutted heads were 
recorded and the percentage of smut calculated from these data. A par- 
tially smutted head was considered as smutted. 

Check rows of untreated seed and seed treated with bluestone, blue- 
stone-lime, formaldehyde, and copper carbonate were included for com- 
parison. 

RESULTS WITH SOLUTIONS 

Comparatively few solutions were investigated because the farmer pre- 
fers a dust treatment, other things being equal. The results obtained with 
seven different liquid fungicides are recorded in table 1. 

The percentage of bunt in the untreated rows was greater in 1924 and 
1925 than in the two preceding years. This was due no doubt to climatic 
conditions at the time of planting. The bunt infection is high enough in 
each case to give a good measure of the effectiveness of the various treat- 
ments. Formaldehyde controlled bunt better than bluestone and bluestone 
better than bluestone-lime. Absolute control is the goal in seed treatment 
but many treatments which may be considered entirely satisfactory will not 
completely eliminate the smut where the seeds are inoculated as heavily as 
they were in these experiments. 

Furfural is the only one of the solutions that did not give satisfactory 
control and may be dropped from further consideration. A .1 per cent solu- 
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tion of Chlarophol produced good results in 1923, but in 1924 with, a heavier 
bunt infection the .2 per cent solution produced better results. With 
Corona No. 620 the results were not quite so good, yet they may be con- 
sidered satisfactory. A .2 per cent solution of Semesan gave better results 
than a .1 per cent solution. In 1923 Germisan was outstanding as a fungi- 
cide, but the comparatively poor results obtained in 1924 with material 
from the same supply suggest that it may lose some of its effectiveness on 
standing. Dupont No. 12 ranks along with Chlorophol and Corona No. 
620, while Uspulun is somewhat less effective, being about equal to Germisan 
in 1924. 

The amount of seed injury caused by a given fungicide is very impor- 
tant and is a point which has been given much consideration only during 
the last few years. In these experiments 150 seeds were sown in each row, 
and the number of plants present at harvest time was recorded in order 
to determine the comparative seed injury in each case. While all the plants 
emerging may not live to maturity, more exact counts may be made at the 
later date with greater facility. Since the number of plants present at 
harvest time in each treatment (Table 2) is an average of six rows, it is 
believed that the comparative figures are reliable. 

Bluestone was very injurious to germination in 1922 and 1925. The 
injury was not so great in the other two years, but the number of plants 
from treated seed was significantly lower than that from untreated seed. 
Formaldehyde ranked next to bluestone from the standpoint of seed injury. 
However, in 1923, formaldehyde caused no injury. The reasons for these 
seasonal fluctuations with the bluestone and formaldehyde treatments are 
not well understood. The lime dip following the bluestone treatment pre- 
vented most of the seed injury. 

Lack of seed injury is oustanding with all of the other solutions used. 
In 1923 all of the differences were well within three times the probable error 
as compared with the untreated. Some of the probable errors are very high 
because the field was infested in spots with morning glory. Seeds treated 
with Chlorophol, especially the .2 per cent solution for one hour, produced 
the greatest number of plants. Differences between the other solutions are 
small and are not significant. 

In 1924 seed treated with the five solutions tested produced higher per- 
centages of mature plants than did the untreated seed. The reasons for the 
greater differences in 1924 than in 1923 are not apparent. The condition 
of the seed, the soil, the climate, or other factors may be concerned. 

Although these new fungicides, except furfural, caused satisfactory 
bunt control and did not cause any seed injury, in all probability they will 
not be used for the control of bunt on the West Coast because of the 


834 


PHYTOPATHOLOGy 


[VOL. 16 


TABLE 2 . — The mmter of White Federation wheat plants at harvest from ISO seeds 
untreated or treated with various fungicides. Average of six 
seedmgs at Davis, California 


Treatment 

Number of plants at harvest 

1922 

1923 ’ 

1924 

1925 

Checks 





XJntreated 

86.7 ± 1.17 

107.2 ±: 5.99 

95.0 ±1.08 

105.7 ± 1.90 

Bluest one (1—5)3 min. 

45.8 ±: 0.73 

82.5 •+- 4,86 

85,7 ±2.86 

40.0 ± 2.13 

Bluestone (1-4)3 min.— Lime 





(1-8) 5 min. 

71.8 ± 1.23 

105.2 ± 6,25 

96.2 ± 1.40 

94.3 ± 2.33 

formaldehyde (1-40)10 min,. 

69.0 i 1.79 

102.0 d= 4.16 

58.0 ± 2.89 

63,5 ± 0.61 

Solutions 





Chlorophol ,1% 30 min. 


113.3 ± 4.88 

119.0 ±2.80 


.2% do 


110.5 ± 4.65 

115.3 ± 2.70 


.3% do 


105.0 ± 6.14 



.1% 1 hour 


109.3 ± 3.80 



.2% do 


118.3 ± 1.74 



.3% do ............ 

86.6 + 4.67 

112.5 It 3.09 



Corona No. 620 .05% 30 min. 


107.5 ± 2.86 

112.5 ±2,15 


.1 % do 


111.5 ± 1.59 

116.0 ±1.35 


.2 % do 


100.8 ± 2.86 



.05% 1 hour 


106.3 ±: 3.80 



.1 % do 


104.3 ± 1.93 



.2 % do 


98.8 ±3.51 



Semesan .1% 30 min. 


102.3 ± 5.26 



.2% do - 


103.5 ±3.02 



.3% do 


106.8 ± 5.15 



.1% 1 hour 


105.5 ± 5.85 



.2% do 


107.3 ± 2.75 



.3% do ................. 


98.0 ± 5.58 



Germisan .1% 30 min. 


100.8 ± 5.53 

114.7 ± 2.90 


,2% do 


103.2 ± 4.96 

113.3 ± 2.20 


.3% do 


103.3 ±3.14 



.1% 1 hour 


105.8 ±2.78 



.2% do 


107.2 ± 1.38 



.3% do 


101.7 ± 2.43 



Dupont No. 12 .1% 30 min. 


105.8 ± 3.19 

120.2 ± 2.64 


.2% do 


102.5 ± 3.24 

117,3 ± 1.95 


.1% 1 hour 


106.5 ± 3.98 



.2% do 


106.6 ± 5.44 



XTspulun .1% 30 min 



117.8 ± 1.72 


.2% do 



119.8 ± 1.87 
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greater ease of application of tlie dust treatments and the low cost of copper 
carbonate. 


DUSTS 

Twenty-four fungicidal dusts other than copper carbonate were investi- 
gated in the four-year period. During the first two years the dusts were 
applied at the rate of from 1 to 4 ounces per bushel. Later the 4-ounce 
treatment was dropped because with copper carbonate this rate of applica- 
tion was not superior to the 3-ounce treatment and because it was not 
possible to get this am-ount of dust to adhere to the seed. The effects of 
the various dusts on bunt control are recorded in table 3. 

The dusts which did not approach copper carbonate in effectiveness and 
which may be dropped as unsatisfactory are : Seed-O-San, S, D. No. 4, S. D. 
No. 6, S. D. No. 7, 40*-F, 40-S, C-IO-F, C-IO-G, C-20-F, C-20-G, Karasch 
compounds A and B, Dupont 8 and 9, Copper Stearate, and Dupont No. 19 
A and No. 19 B. Copper carbonate is used as a basis for comparison be- 
cause it is the only dust treatment that has been extensively used for bunt 
control and because it has given satisfactory results in the hands of the 
farmer. In order for a fungicide to replace copper carbonate, it should 
control bunt as well as or better than copper carbonate, it should be cheaper, 
and should give stands of plants equal to or better than the stands from 
seed treated with copper carbonate. Nothing is said about the increase in 
yield due to seed treatment because we believe that sufficient data are not 
yet available to warrant any statement. 

Coppercarb, a copper compound with less than half the copper content 
of copper carbonate, produced fairly satisfactoiy results. However, it takes 
about twice as much dust per bushel under the conditions of these experi- 
ments to equal pure copper carbonate. 

Ghlorophol is a chlorphenol-mercury compound and was intended by the 
manufacturers to be used as a solution. However, it gave satisfactory re- 
sults when used as a dust in 1922. It was not tested further because of its 
greater cost 

S. D. No. 3 controlled bunt fairly satisfactorily but was not as efficient 
as S. D. No. 5, which is the concentrated fungicide that forms the toxic 
principle of the Semesan used in 1925. Semesan and Dupont No. 2 com- 
pare favorably with copper carbonate for the control of bunt 

In summarizing the results the data indicate that Ghlorophol, S. D. No. 
0 and S. D. No. 5, Dupont No. 2 and Semesan controlled bunt approxi- 
mately as well as copper carbonate dust. S. D. No. 5 gave slightly superior 
control, especially at the rate of one ounce per bushel. 
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The number of mature plants derived from 150 seeds subjected to each 
of the various dust treatments gives a measure of seed injury, and is 
recorded in table 4. 

TABLE 4z. — Tlie mmber of White Federation wheat planU at hardest from 150 seeds 
treated with 'oa/rious dusts, Auerage of six seedmgs at Davis, California 


Treatment 


Number of plants at harvest from 150 seeds 


Dust 

Oz. per bu. 

1922 

1923 

1924 

1925 

Checks (untreated) 


86.7 ±1.17 

107.2 ± 5.99 

95.0 ± 1.08 

105.7 ±1.90 

Copper carbonate 

I 

83.0 ± 1.56 

93.0 ± 2.45 

97.1 ± 2.43 

105.5 ± 1.51 


2 

85.2 ± 1.79 

97.8 ±4.94 

96.3 ± 1.43 

109.0 ± 2.64 


3 

85.2 ± 3.02 

105.1 ± 4.56 

101.5 ± 2.39 

106.0 ± 1.78 


4 

83.3 ± 2.39 

100.8 ± 1.79 



Coppercarb 

1 


112.8 ± 2.41 

99.7 ± 2.06 



2 

89.8 ± 1.80 

111.1 ± 2.67 

103.0 ± 2.32 



3 


110.0 ± 2.67 

107.2 ± 0.67 



4 

89.0 ± 1.81 

106.7 ± 2.86 



Chlorophol dust... 

1 






2 

Q 

90.7 ± 2.29 





0 

4 

88.7 ± 1.97 




S. D. No. 3...... 

1 


102.0 ± 1.03 

113.2 ± 0.95 



2 


105,1 ± 2.77 

118.5 ± 3.06 



3 


109.8 ± 4,72 

116.7 ± 0.72 



4 


116.5 ± 3.66 



S. D. No. 5 

1 


106.3 ± 1.93 

118.8 ± 2.35 



2 


100.1 ± 4.05 

120.2 ± 2.89 



3 


107,8 ± 4.20 

128,8 ± 1.72 



4 


109.0 ± 4,61 



Dupont No. 2 

1 



105.3 ± 2.46 

108.7 ± 1.13 

1 

2 



112.2 ± 0.99 

108.3 ± 2.27 


3 



110.2 ± 2.22 

105.0 ± 2.39 

Semesan 

1 




107.5 ± 1.30 


2 




112.3 ± 1.07 


3 




110.6 ±0.82 


In comparing the results of the. various treatments with those from 
untreated seed, it will be seen that there are no significant differences in 
1922 and 1923. In 1924 all of the seed treated with S. D. No. 3 and No. 5 
and Diipont No. 2 produced stands significantly better than the stands pro- 
duced by untreated seed while there were no significant differences between 
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the results obtained from the copper carbonate and eopperearb dust treat- 
ments. In 1925, Semesan at the rate of two ounces per bushel was the only 
treatment superior to the untreated. 

As two ounces of copper carbonate dust per bushel of wheat generally 
is recommended, the stands secured with the other dust treatments may be 
compared with those from this rate of application. In 1922 none of these 
treatments was significantly superior to copper carbonate dust in so far as 
improving stands is concerned. In 1923, S. D. No. 3 at the rate of four 
ounces produced better results. In 1924, all of the treatments with S. D. 
No. 3, S. D. No. 5, and Dupont No. 2, and the 3-ounce treatment with 
eopperearb were superior to copper carbonate applied at the rate of two 
ounces per bushel. In 1925, there were no significant differences. The 
reasons for the superior stands in 1924 when the organic mercury com- 
pounds were used are not known. 

On the whole, the dust treatments caused no seed injury, as evidenced 
by stands from the treated seed as good as those from untreated seed. From 
this standpoint they are distinctly superior to the bluestone and formalde- 
hyde treatments which were widely used for many years on the West Coast, 
especially the bluestone. In more recent years the injury from bluestone 
was largely prevented by the use of the lime dip. At present copper car- 
bonate is widely used in place of the bluestone and bluestone-lime treat- 
ments, and has proven entirely satisfactory both from the standpoint of 
bunt control and lack of injury to the seed. 

SUMMARY 

The data presented herein on the control of bunt by liquid and dust 
treatments were collected over a four-year period beginning in 1922. 

In most cases the more promising fungicides were investigated for two 
years. 

All of the liquid fungicides, except furfural, controlled bunt satisfac- 
torily. 

Severe seed injury resulted from the use of bluestone. This injury 
was largely eliminated by the use of the subsequent lime dip. Formalde- 
hyde caused severe injury except in 1923. 

There was no injury from the use of Chlorophol, Corona No. 620, 
Semesan, Germisan, Dupont No. 12, and IJspulun. The stands obtained 
from seed treated with these compounds were not significantly different 
from the stands from untreated seed in 1923, but were better in 1924. The 
reasons for the better stands in 1924 are not known. 

Twenty-four dust treatments other than copper carbonate dust were 
investigated during the four-year period. Of this number only six — Corona 
Dust, Chlorophol, S. D. No. 3, S. D. No. 5, Dupont No. 2, and Semesan— 
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controlled bunt as satisfactorily as did copper carbonate, S. D. No. 5 pro- 
duced slightly better results than copper carbonate, especially with the 
one-ounce treatment. 

Stands of wheat were improved in 1924 by the use of S. D. No. 3, 
S. D. No. 5, Dupont No. 2, and coppercarb (3 oz. per bu.), as compared 
with untreated seed and seed treated with two ounces of copper carbonate 
per bushel. In other years no significant differences were noted. 

Liquid treatments are not likely to replace the dust treatments on the 
West Coast of the United States because of the greater ease in handling 
the latter. 

Of the dusts used, all factors considered, copper carbonate is the most 
satisfactory. 

University of California, 

Berkeley, California. 
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EFFECT OF MOSAIC ON CARBOHYDRATE AND NITROGEN 
CONTENT OF THE TOMATO PLANT^ 

P. H. Beewer, James B. Kendrick and Max W. Gardner2 

In order to determine what influence different soil conditions might have 
upon the severity of the mosaic disease of the tomato, and also what effect 
the disease might exert upon the growth of the plant and upon its carbohy- 
drate and nitrogen content, tests on potted plants were made in the green- 
house and supplemented by chemical analysis of the plants. Two* types of 
mosaic were tested : typical tomato mosaic, and the necrotic or double-virus 
type (streak or winter blight). 

In addition to one series of plants grown in a bench, two series of pot 
tests were carried out, one in the spring of 1924 and the other in the fall of 
1925. Varnished metal pots of 10 kilograms capacity were used. 

TESTS WITH STREAK OR DOUBLE-VIRUS MOSAIC 

In the 1924 series, different soil conditions were proAuded by using a 
rich potting loam with high, medium, an.d low water content, and a clay 
loam very poor in nitrogen and phosphorus to which were added varying 
amounts of the lacking elements. On March 3, seedlings of the Bonny Best 
variety were planted in the potS; In this series the streak or necrotic 
(double- virus) type of mosaic was tested. Johnson (13, p. 10) and Dickson 
(6) have shown that this type of mosaic is due to the presence of more than 
one Aurus, namely, the virus of typical tomato mosaic or FernoAv's (10) 
mosaic A, and a virus from potatoes which is probably the virus of the 
mosaic designated as B by Fernow (10). Inocula were obtained from two 
sources: (a) the streak or winter blight type of mosaic in a greenhouse crop 
of tomatoes, and (b), a necrotically mottled tomato fruit shipped from Cali- 
fornia to the Chicago- market and sent to us by Dr. G. K. K. Link. This in- 
oculum produced a necrotic type of mosaic less extreme than the preceding. 
For convenience these will be designated as the LaFayette (L) and Cali- 
fornia (C) types. 

The inoculum was prepared by macerating the tissue in a flamed mortar 
and diluting with sterile water. Inoculation was effected by smearing the 

1 Joint contribution from the Botanical Department, Agricultural Experiment Sta- 
tion, and the Agronomy Department, Purdue University, Lafayette, Ind. 

2 The writers are indebted to Dr. E. G-. Campbell and Mr. W. P. Allyn f or assistance, 
and to Professor H, S. Jackson for helpful advice. 
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stem near the tip with a piece of absorbent cotton dipped in the inoculum 
and pricking through the smeared area with a flamed needle. On April 10 
one plant in each series was inoculated with the LaPayette inoculum, one 
with the California inoculum, and one served as an uninoculated control. 

On May 16, 36 days after inoculation, when the first fruits had set but 
before any fruits had approached maturity, certain of the plants were taken 
for fresh weight determination and chemical analysis. 

In preparing the material for chemical analysis, the entire plant was 
weighed, chopped up, and placed in 95 per cent alcohol to which had been 
added calcium carbonate at the rate of one gram per liter. The pulp was 
later transferred to weighed beakers which were then placed on an electric 
hot plate and dried to constant weight. The percentage of dry matter was 
calculated from the difference in -weight. The pulp was reduced to a fine 
powder and stored in tightly stoppered bottles until analyzed. 

For the determination of sugars, a five gram portion of the dry powder 
was extracted with a 50 per cent alcohol solution in a Soxhlet extractor 
until all coloring matter had been removed. The solution was then made 
up to 250 cc. and the reducing sugars were determined by the picric acid 
colorimetric method (19) after an aliquot had been clarified by mercuric 
nitrate and sodium carbonate. The non-reducing sugars in this clarified 
liquid were inverted by the official hydrochloric acid method of inversion 
(7, p, 186) and determined by the picric acid colorimetric method (19), 
The polysaccharides in the residue in the extractor were hydrolyzed by the 
official hydrochloric acid method (7, p. 119) and determined by the picric 
acid colorimetric method (18). The nitrogen was determined by the Gun- 
ning-Kjeldahl method modified to include the nitrates (7, p. 8 ) . The results 
of these analyses are shown in table 1. 

The different soil conditions produced different growth responses as indi- 
cated by the differences in fresh weight and chemical composition of the 
healthy plants. But neither these differences nor differences in the soil 
moisture content greatly altered the character or severity of the mosaic 
symptoms on the inoculated plants. 

However, there were outstanding and consistent differences between the 
mosaic and the healthy plants in each series. The mosaic plants were char- 
acterized in all cases by a reduction in total fresh weight, in percentage con- 
tent of dry matter, in carbohydrate content, and in carbohydrate-nitrogen 
ratio. The reduction in weight of the roots was found to* be proportional to 
the rednction in total weight. The reduction in carbohydrate content was 
due mainly to the lower content of polysaccharides. 

The increase in total nitrogen shown by most of the mosaic plants was 
more apparent than real because of the lower percentage of dry matter in 


TABLE 1. — Effect of mosaic {streah type) on growth and on carbohydrate and nitrogen content of tomato plants 
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the mosaic plants. Even on the fresh weight basis, however, there was no 
evidence of a decrease in total nitrogen due to the disease. 

In general, the more severe type of mosaic (L) caused the greater internal 
changes in the host. For example, the L type caused a reduction in total 
fresh weight of 44 to 56 per cent, the less severe C type, 5 to 36 per cent ; 
the L type reduced the carbohydrate content 28 to 63 per cent, the C type 3 
to 44 per cent. 

In table 2 are shown the results of a bulk analysis of ten mosaic plants 
as compared with ten healthy ones of the Greater Baltimore variety grown in 
a greenhouse bench in June, 1925, and analyzed 23 days after inoculation. 
Seven of the inoculated plants showed only typical mosaic, and three the 
streak type. These plants were younger than those previously analyzed. 


TABLE 2 . — Effect of mosaic on composition of young toma\to plcmts 


Analytical tests 

Healthy 

Mosaic 

Average fresli weight per plant 

149.2 

gni. 

102.9 

gm. 

Dry matter 

11.2 

per cent 

12.8 

per cent 

Bedncing sugars 

0.88 

do 

1.00 

do 

Non -reducing sugars 

2.12 

do 

1.50 

do 

Polysaccharides 

19.7 

do 

16.4 

do 

Total nitrogen 

2.46 

do 

2.31 

do 

Carbohydrate-nitrogen ratio 

^ 9.23 


8.18 



The results in table 2 show that the mosaic plants were characterized by 
a reduction of 31 per cent in weight, 16.7 per cent in carbohydrate content, 
and 11 per cent, in the carbohydrate-nitrogen ratio. On the fresh weight 
basis there was no reduction in the nitrogen content. 

TESTS WITH TYPICAL TOMATO MOSAIC 

In the 1925 pot series, different soil conditions were provided by the addi- 
tion of varying amounts of nitrogen and phosphorus to the poor clay loam, 
and of nitrogen, phosphorus, and potassium to Ottawa sand. Pour pots of 
each type of soil were used. On October 29, 1925, a small plant of the 
Greater Baltimore variety (Indiana strain) was transplanted to each pot. 
On November 18, two of the plants in each series were inoculated with 
typical mosaic [type A of Pernow (10)], and the other two were left as 
uninoculated controls. On January 8, 51 days after inoculation, after the 
first fruits had set but before any had approached maturity, the two mosaic 
plants and two healthy plants from each series were taken for fresh weight 
determination and chemical analysis. The method of analysis varied only 
slightly from that previously outlined. The results are shown in tables 3 
and 4. 


TABLE 3 . — Effect of mosaic on growth and on carbohydrate and nitrogen content of tomato plants groivn in poor clap loam with different 
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As in the 1924 series, there was no marked effect of different soil condi- 
tions upon the symptoms or severity of the disease, although these conditions 
did greatly affect the growth and composition of the plants. In general, the 
typical mosaic exerted in a somewhat milder degree the same effect upon the 
physiology of the host plant as did the double-virus type. In most cases the 
disease retarded growth as measured by fresh weight, and in all cases re- 
duced the percentage content of carbohydrates. The nitrogen content was 
not consistently altered, and in most cases the carbohydrate-nitrogen ratio 
was lower in the mosaic plants. 

DISCUSSION OF RESULTS 

A reduced carbohydrate content and a normal nitrogen content in tomato 
mosaic are somewhat at variance with the phenomena found in similar dis- 
eases of certain other hosts. There was no marked decrease in total nitrogen 
as Jodidi, Kellogg, and True (11), and Jodidi, Moulton, and Markley (12) 
found in® spinach mosaic, and hence no evidence that the denitrification 
theory advanced by Boncquet (2) and by Jodidi, Moulton, and Markley 
(12) will hold for the types of tomato mosaic studied. Likewise, the reduc- 
tion of the carbohydrate content is the reverse of what happens in spinach 
mosaic as determined by True and Hawkins (21) and in potato leaf roll as 
determined quantitatively by Campbell (4), and lends no support to the 
theory that an abnormally high starch accumulation may be a characteristic 
of mosaic diseases in general. 

In beet curly top, Bunzell (3) found little or no effect on the sugar or 
nitrogen content. In sugar cane mosaic, Lopez (16) found very little effect 
on the sugar content, but Asuncion (1) found 24 per cent less sugar in the 
diseased plants. Lo-ew (15, p. 11) states that, in the case of tobacco, there is 
much less albumin in the mosaic leaves, and Woods (23, p. 13) states that 
the mosaic disease of tomato and tobacco is characterized by an accumula- 
tion of starch in the leaves, a view with which Tollenaar (20, p. 94) con- 
curred. 

W. P. Allyn found, in the course of work as yet unpublished (M. S. 
thesis, Purdue University, 1926), that starch constituted about 50 per cent 
of the polysaccharides in tomato plants and that there was a decrease in 
starch in the mosaic plants proportional to the decrease in polysaccharides. 
Furthermore, Allyn found that the mosaic diseases of cowpea and of soy- 
bean are also characterized by a reduction in the carbohydrate content. 

Many of the earlier workers [Beijerinck, Koning (14, p. 69), Woods (22, 
p. 753)] believed that the mosaic disease of tobacco exerted an injurious 
effect upon the chloroplasts or the chlorophyll, and Dickson (5, p. 30) has 
shown that there is a decrease in number and a degeneration of the chloro- 
plasts in the chlorotic areas accompanied by a decrease in carbohydrates. 
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Elmer (9, p. 81) has shown by quantitative tests that the mosaic disease of 
tomato greatly altered the composition of the chlorophyll. Sorokin (17) 
and Eckerson (8) have demonstrated eytologically the disintegration of the 
chloroplasts in tomato mosaic. Consequently, with these various disturb- 
ances of the apparatus involved in carbohydrate synthesis, it is not sur- 
prising that a reduced carbohydrate content was found in the diseased 
plants. 

SUMMARY 

1. Different soil conditions, as afforded by pot tests with fertilizers, did 
not greatly influence the character or severity of either of the two types of 
tomato mosaic tested, the streak or double-virus type and typical tomato 
mosaic. 

2. In nearly all cases the mosaic plants were characterized by a reduction 
in total weight and, under all conditions, by a reduction in total carbohy- 
drate content as shown by chemical analysis. This reduction occurred 
mainly in the polysaccharides. 

3. There was, in general, no reduction in the nitrogen content and, as a 
rule, the carbohydrate-nitrogen ratio was lower in the diseased plants. 

, Purdue University, 

Lafayette, Ind. 
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STUDIES ON THE NATUEE OE THE YIRUS OF TOBACCO 

MOSAIC" 

MaueiceMulvania 

INTRODUCTION 

It has now been 34 years since Iwanowski (16) showed that the active 
principle in the production of the mosaic disease of tobacco would pass 
through a fine earthen filter. This was the beginning of the study of the 
so-called filterable viruses which recently has assumed so much importance 
both in plant and animal pathology. The nature of the causal agent re- 
sponsible for tobacco mosaic has been the chief point of interest in prac- 
tically all studies of this disorder, so far as the purely scientific aspect of 
the subject is concerned. The effort devoted to such investigations has 
been very great, yet so far as exact knowledge of the intimate nature of the 
virus is concerned it can not be said that very notable progress has been 
made. To be sure, these efforts have resulted in the accumulation of a large 
mass of facts as to the response of the virus to environmental conditions. 
These facts, however, are not sufficiently enlightening to permit the allo- 
cation of the virus either with non-living or living bodies ; there is little 
agreement on this latter point among workers most intimately acquainted 
with the subject. In this direction attempted enlightenment seems to have 
enhanced the ohscurity it was expected to displace. 

The applicability of certain experimental procedures to the question of 
the nature of viruses appears to have been overlooked in some cases, and 
not to have been employed to the extent of their possibilities in this con- 
nection in other instances. Use has been made of some of these methods 
in the studies here reported; and it is hoped that the objective results 
secured may aid in the ultimate solution of the perplexing problem as to 
what viruses really are. 

Experiments were conducted in five independent aspects of the general 
subject dealt with. These phases of the problem may be listed as follows : 

1. Effect of light rays on the vims of tobacco mosaic 

2. Effect of heat on the virus of tobacco mosaic 

3. Effect of animal inoculation on the virus of tobacco mosaic 

1 The following studies were made under the direction of Br. Janies Johnson, of the 
TJniversity of Wisconsin, to whom I am greatly indebted for Ms assistance and sustained 
interest in the work. 
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4. Dialyisability of the virus of tobacco mosaic 

5. Effect of bacteria on the vims of tobacco mosaic. Each of these 
headings is considered as a separate unit in the body of the paper. 

The general literature concerned with tobacco mosaic has been repeat- 
edly reviewed by others and therefore will not be considered here except as 
it bears directly on the problem under discussion. 

EFFECT OF LIGHT KAYS ON THE VIRUS OF TOBACCO MOSAIC 

Raciborski (23) found that exposure of plant juice which contained the 
active principle of mosaic to sunlight for one day did not destroy the virus, 
i^our or five days exposure was necessary to render it harmless to healthy 
plants when they were inoculated with it. His exposures were made in 


TABLE 1. — lliG effect of sunlight on the mrus of tohaoco mosaic 


Time of exposure 
in hours 

... . 

No. plants 1 

inoculated 

No. plants j 

infected 

Per cent of 
infection 

I 

None 1 

10 

1 10 

100 

^ ' !■' 

10 

1 10 

i 100 

1 ! 

10 

1 10 

1 100 

2 . 1 

10 

10 

100 

z 

10 

j 10 

! 100 

■ " t> :■ ■ 1 

10 

1 ■ ■ 10 

1 100 

. 12 i 

10 

■ 8 

! 80 

16 '■ J 

10 

1 : 5 

1 50 

25 ■ ^ 

10 

2 

20 

36 [ 

10 

1 

1 

10 

1 


shallow dishes. The results are rather indefinite, and, as they constitute 
the only published data on this subject, should be verified and extended. 

A number of detailed methods of exposing bacteria to the action of 
light have been described and used. Among these the very simple pro- 
cedure of saturating threads with a culture of the organisms and then ex- 
posing the threads to the light appears quite as satisfactory as any, and this 
method was selected for use in our experiments on the action of daylight 
on the mosaic virus. 

Fine silk threads were placed in the expressed juice of diseased plants 
and allowed to remain for 24 hours. They were then suspended from a 
cardboard in a position where the sunlight would fall directly upon them 
during the entire day. These threads were removed from the light accord- 
ing to a time schedule fixed upon, and placed in 1 cc. of water for 24 hours. 
The water in which the threads had thus been soaked was used as inoculum 
for young tobacco plants. No effort was made to prevent bacterial eon- 
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tamination of tlie solutions, since the presence of such organisms could 
have no hearing on the development of the mosaic in the inoculated plants. 
The number of infections which resulted from the inoculations was taken 
as an index of the destructive action of light on the virus. Throughout the 
entire series of experiments this has been the criterion as to whether the 
virus had been affected by its subjection to the various treatments. The 
results secured by the sunlight experiments are shown in table 1. 

Exposures of the virus to the action of ultra-violet rays were made in 
petri dishes. Berkfeld F candle filtrates from diseased tobacco plants were 
placed in the dishes to a depth of % inch. The uncovered dishes were then 
put immediately under a Cooper-Hewett mercury vapor lamp at a distance 

TABLE 2 . — The effect of ultra-violet light on the vms of tol)aooo mosaic 


Series 1 


Time of exposure 
in hours 

No. plants 
inoculated 

No. plants 
infected 

Per cent of 
infection 

None 

10 

10 

100 

i 

10 

5 

50 

i 

10 

6 

60 

1 

10 

0 

0 

2 

10 

0 

0 

4 

10 

0 

0 


Series 2 


None 

10 

10 

100 

i 

10 

6 

60 

i 

10 

2 

20 

1 

10 

0 

0 


of six inehes from the source of the rays. Observations of the tempera- 
ture of the exposed solution showed that it did not at any time exceed 40° C. 
This temperature was found by other tests to be quite harmless to the 
virus even when maintained for many days. The time schedule and find- 
ings are indicated in table 2. 

A rather small number of exposures of the virus to X-rays of light were 
made; and for the sake of suggestion are included here in table 3. It is not 
felt, however, that enough work was done in this connection to justify gen- 
eralizations. 

Considering the very great amount of effort which has been made to 
relate bacteria and the virus of tobacco mosaic, it is somewhat surprising 
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that a more careful comparison of the effect of light on the two should 
not have been made. 

The foregoing results show clearly that the mosaic virus is strongly 
resistant to the infl uence of the entire solar beam of light, as well as to 
the portion at the extreme end of vibration frequency. This is, of course, 
in direct contrast to the action of light on bacteria. Bacteria in general 
are destroyed in from 1 to 2 hours in sunlight and in from 1 to 5 minutes 
by ultra-violet rays. Enzymes, on the other hand, are very resistant to 


TABLE 3 . — The effect of X-rays on the virus of todacco mosaio 


Time of exposure 
in minutes 

No. plants 
inoculated 

No. plants 
infected 

Per cent of 
infection 

None 

10 

10 

100 

5 

10 

8 

80 

10 

1 10 

10 

100 

20 

10 

10 

100 

30 

10 

9 

100 


the action of light, in some cases appearing not to he completely inactivated 
by indefinite exposure, although reduced in their 2 :ymogenic power. Thus 
it appears that in this particular the virus behaves like an enzyme and not 
like a bacterium. 

EFFECT OF HEAT ON THE VIRUS OF TOBACCO MOSAIC 

Considerable attention has been given to the action of heat on the virus 
of tobacco mosaic. This relation has been studied from two points of view : 
first, the temperature required to inactivate or kill the virus; and, second, 
the influence of heat on the progress of the disease in the host plant. 

The determination of the thermal death-point of the virus under any 
given set of conditions is, of course, relatively easy, and this was ascer- 
tained with some degree of certainty in early studies of mosaic. Mayer (20) 
claimed that heating the virus to 60° C. did not destroy it; at 65°-75° C. 
it was attenuated, and heating to 80° C. killed the infective agent. Beijer- 
inck (5) states that heating to the boiling point destroyed the disease-pro- 
ducing power of the virus. Chapman (7) found that heating at 80° C. for 
a short time killed the virus. Eaciborski (23) showed that heating the sap 
from a diseased plant for 5 minutes at 62° C. did not cause it to lose its 
infective power. When heated to 100° C. for 15 minutes, however, the 
infective quality was lost. 

As will be noted, three of these reports give no time limit to the heat 
application. In Eaciborski 's findings the time control is definite; yet the 
interval between 62° 0. for 5 minutes and 100° C. for 15 minutes is very 
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wide and leaves a considerable range of possibilities. The second aspect of 
heat relation of the virns, namely, the effect of temperature on the progress 
of the disorder in the host, has been carefully studied by Johnson (16). 
He found that the symptoms of the disease in the plant could be com- 
pletely masked by subjecting it to a rather radical change of temperature. 


table 4. — The effect of long-time exposure of the vin^s of tohacco mosaic to different 

temperatures 


Temperature °0. 

Time of ex- 
posure iu 
days 

ETo. plants 
inoculated 

Fo. plants 
infected 

Per cent of 
infection 

15 

10 

5 

4 

80 

25 

• 10 

5 

5 

100 

35 

10 

5 

4 

80 

45 

10 

5 

5 

100 

15 

16 

5 

5 

100 

25 

16 

5 

5 

100 

s's 

16 

5 

4 

80 

45 

16 

5 

5 

100 

■ 55 

16 

10 

8 

80 

65 

12 

10 

9 

90 

75 

4 

10 

8 ■ 

80 

75 

8 

10 

8 

00 

o 

80 

1 

5 

5 

100 

80 

2 

5 

5 

100 

80 

3 

5 

3 

60 


These symptoms would reappear, how^ever, if the plant was returned to the 
original heat environment. This phenomenon will be discussed later. 

Experiments were conducted to determine the effect of long exposure 
of the mosaic virus to temperatures ranging from 15° C. to 84° C., the part 
that moisture plays in the destructive action of heat, and the thermal death- 
point of the virus when heat is applied for 10 minutes. In the tests made 
to determine the influence of long subjection of the virus to heat, 15° C. 
was selected as a starting point and 10 days as the time limit. With the 
time factor constant, the temperature was shifted upward until 45° C. had 
been reached. After preliminary results had been secured, both the tem- 
perature and time factors were varied according to the dictates of judgment 
as to what outcome might be looked for. In these experiments the virus was 
contained in freshly expressed juice of diseased plants. In all cases the 
infectiousness of the juice was ascertained at the beginning of the tests. 
Temperature control was secured in some of the experiments by the use of 
an electrical incubator, in others in an electrically heated and stirred water 



Phytopathology 


TABLE 5. — The comparative efect of heat on the virus of tobacco mosaic in solution 

and dry state 


bath» In both methods the control was very satisfactory. Temperatures 
were always taken inside the test tube containing the virus. 

In the experiments conducted to determine the relation of moisture to 
the destructive action of heat, equal amounts of powdered, diseased leaves 
were placed in test tubes. Half of the tubes were supplied with measured 
amounts of water while the other half were left dry during the period of 
heat application. The tubes were subjected to the heat in pairs, and after 
subjection the dry tubes were given the same amount of water as the others 
contained. In this way the dilution factor was made constant. 


TABLE 6. — The thermal death-point of virus of tobacco mosaio on 10 -minute exposure 

basis 


Condition 
of virus 

Tempera- 
ture °C. 

Time of ex- 
posure in 
hours 

ISTo. plants 
inoculated 

Ho. plants 
infected 

Per cent of 
infection 

Solution 

82 

2 

10 

10 

100 

do 

82 

4 

10 

10 

100 

do 

82 

6 

10 

10’ 

100 

Dry 

82 

2 

10 

10 

100 

do 

82 

■ 4 

10 

10 

100 

do 

82 

6 

10 

10 

100 

Solution 

82 

10 

10 

9 

90 

do 

82 

13 

10 

4 

40 

do 

82 

24 

10 

5 

50 

Ery 

82 

10 

10 

9 

90 

do 

82 

12 

10 

4 

40 

do 

82 

24 

10 

1 

10 

Solution 

83 

24 

10 

0 

0 

Dry 

83 

24 

10 

0 

0 

Solution 

84 

24 

10 

0 

0 

Dry 

84 

24 

10 

0 

0 


Temperature ®0. 

Time of ex- 
posure in 
minutes 

Ho. plants 
inoculated 

Ho. plants 
infected 

Per cent of 
infection 

S3 

10 

10 

8 

80 

85 

10 

10 

5 

50 

87 

i 10 

10 

3 

30 

88 

10 

10 

3 

30 

89 

10 

10 

1 

10 

90 

10 

10 

0 

0 

95 

10 

10 

0 

0 


•T — — - 
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The lO-minute thermal death-point was determined on freshly expressed 
plant juice contained in test tubes, the only variable being the tempera- 
ture. 

Representative results of these experiments are given in tables 4, 5, 
and 6. 

It is evident that the mosaic virus is very resistant to heat as com- 
pared with non-spore-bearing bacteria or bacterial toxins, withstanding tem- 
peratures of from 65° C. to 70° C. for many days without suffering definite 
reduction in its infective power. Even 80° C. for 3 days reduced it but 40 
per cent in its disease-producing quality. Although there is considerable 
variation among enzymes in respect to their heat resistance, in general a 
higher temperature is required to inactivate them than is necessary to kill 
vegetative cells of bacteria. In this respect, then, the virus behaves less 
like bacteria than like enzymes. 

The presence of moisture at the time of heat application appears to have 
no influence on the temperature required to inactivate the virus. This 
response is quite unlike that of bacteria, which uniformly yield more readily 
to heat in the presence of moisture. This latter reaction is held to be 
due to the fact that the coagulation point is lowered by moisture. If the 
virus is of bacterial nature it would seem that it should respond to the 
coagulation principle as other bacteria do. 

The suppression of morbid symptoms in the host plant by a change of 
temperature may have at least two hypothetical explanations. In the first 
place the temperature may be sufficient to prevent growth and multiplica- 
tion of the virus in the plant and thus check its harmful influence. Or 
the heat may influence the metabolism of the host plant in such a way as to 
overcome temporarily the action of the virus. It appears not impossible 
that the virus is a product of the plant’s own growth. The interference 
with the growth of the plant ,^might prevent its production of the harmful 
agent or virus. The progress of the disease is associated with the growing 
portions of the plant, and, if growth is seriously interfered with, the dis- 
ease would in turn be checked. It is certain that a temperature sufficient 
to mask the disease symptoms is not high enough to destroy the virus when 
separated from the host. 

EE’FECT OE ANIMAL INOCULATION ON THE VIRUS OE TOBACCO MOSAIC 

The literature appears to contain no references to the use of animal in- 
oculation in the study of the mosaic virus. It is, of course, well known that 
non-pathogenic bacteria soon disappear from the blood of animals which 
have received them into their circulation. It is important to know what 
fate would overtake the virus if introduced into an animal’s circulation. 
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The interrelation between plant and animal pathology perhaps has 
not been so strongly emphasized as could be desired ; and the methods em- 
ployed in one field have not been used to the limit of their usefulness in 
the other. Virus diseases seem to offer mutual ground for investigation 
as far as their causative agents are concerned. Although positive knowl- 
edge is still lacking as to whether viruses should all be placed in the same 
category, they are usually classed together. Such facts as have been se- 
cured indicate, however, that generalizations in this direction are largely 
unwarranted without fuller information. 

Experiments were conducted to determine whether the mosaic virus 
could be recovered from the blood-stream of rabbits into which it had been 
injected. Chamberlain candle filtrates were used as inocula into the ear 
vein of rabbits which weighed 1500 to 1700 grams. Beginning with a dose 
of 1 cc,, gradual increases were made until 3 cc. doses were given. At the 
end of a specified time after injection, samples of blood were drawn from 
the vein of the ear opposite to that which had received the injection. These 
samples were tested for the presence of infective virus. Results of these 
tests are presented in table 7. Recovery of the virus was not possible at 
any time at which samples were taken from the animals’ blood. 


TABLE 7,— r/ie effect on the virus of tohacoo mosaic of mjecting it into the hloo& 

stream of rabhits 


Injection 
filtrate ce. 

Time in minutes 
in the animal 

No. plants 
inoculated 

, No. plants 

infected 

. 1 

20 

10 

i 0 

1 

30 

10 

0 

2' ' 

20 

10 

0 

2 

30 

10 

0 

u 

20 

10 

0 

n 

30 

10 

0 

3 

20 

10 ^ 

0 

3 

30 

10 

0 


In seeking an explanation of this disappearance of the virus from the 
circulation of the rabbit, tests were made to determine whether the destruc- 
tive action was due to the blood. Blood was drawn from the ear vein of 
normal animals and immediately mixed with equal amounts of filtrates 
from infected plants. Plant inoculations were made from this mixture ac- 
cot^ding to the schedule given in table 8. In other tests the blood was mixed 
with exp^’essed infectious plant juice which had not been filtered (table 9). 

It is shown that the fresh blood of a rabbit is capable of destroying the 
infectiye quality of the mosaic virus. According to the results of Freiburg 
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(10), when talc is mixed with plant solutions containing the virus, the 
latter is destroyed. This is held to be a case of selective adsorption. 
Dnggar^ has shown that the juice of pokeweed will act on the mosaic virus 
in a way similar to that of the action of talc. It may well be that, in the 
case of the destmctive action of animal blood, we have encountered another 
example of selective adsorption. 

Whether it is the serum or the cellular elements of the blood which in- 
activates the mosaic virus cannot be stated at present. Eesults secured by 
a few inoculations with centrifugally separated serum and cells mixed with 
the virus were inconclusive. 


TABLE 8 . — The effect of drcmn mhMt hlood o% the mrii>s of tohacoo' moemo in filtrate 


Blood and 

Time in hours 

ISTo, plants 

No. plants 

filtrate 

in contact 

inoculated 

infected 

Equal parts 

i 

10 

10 

Equal parts 

6 

10 

7 

Equal parts 

12 

10 

0 

Equal parts 

24 

^ 10 

0 

Filtrate alone 


10 

8 

TABLE 9.-— The effect of drawn rahHt Mood 

on the virue of totacco mosaic in raw juice 

Blood and 

Time in hours 

No. plants 

No, plants 

raw juice 

in contact 

inoculated 

infected 

Equal parts 

\2i 

10 

10 

Equal parts 

24 

10 

0 

4 to 1 

2 

10 

7 

4 to 1 

24 

10 

5 

Juice alone 

' 

10 

10 


DIALYZABILITY OF THE VIRUS OF TOBACCO MOSAIC 

Since the original studies of Iwanowski (15) showed that the causal 
agent of tobacco mosaic would pass through fine earthen filter candles, 
numerous filtration processes have been applied to its study. The passage 
through such filters has been regarded" as merely mechanical, depending on 
the relative size of the bodies to be filtered and the porosity of the candle, 
and has not been looked upon as a means of separating different kinds of 
suspensoids from each other on the basis of their particular colloidal prop- 
erties. For the latter purpose resort has usually been made to various 
kinds of dialyzing membranes such as parchment paper, collodion sacs, and 



2 Unpublished results. 
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animal membranes. In connection with the study of the mosaic virus only 
two references to the use of such membranes are to be found in published 
form. Hunger (14) makes the mere statement that the virus will pass 
through parchment. Duggar and Karrer (8) introduced collodion sacs 
into a series of studies on the size of the particles of the mosaic virus. 
These proved unsuccessful, however, and were given a single trial and dis- 
carded. It would seem possible at least to differentiate between the simple 
colloids and any organized cellular body. On the basis of the colloidal 
chemists’ conception, proteins, as well, as other colloids, consist of micellae 
or aggregates of molecules. The larger of such aggregates must be broken 
up in advance of passage through dialyzing membranes. Formed proteins 


TABLE 10, — The dialyzabiXity of the virus of tobacco mosmc through different grades 

of collodion sacs 


Grade of sae : 
percentage of 
alcohol 

1 No. plants in- 

oculated 

No. plants in- 
fected 

Per cent of infection 

20 

10 

9 

90 

30 

15 

8 

53 + 

dO 

15 

7 

46-}- 

45 

10 

0 

0 

50 

15 

0 

0 

60 

10 

0 

0 

70 

10 

0 

0 

Non-dialyzed juice 

10 

9 

90 


are thought to consist of relatively large groups of molecules, and are 
practically undialyzable. Our present notion of a living entity being that 
of complex protoplasm carrying a very considerable amount of proteins 
would lead to the conclusion that such entities could not possibly go through 
a membrane which would not allow their components to pass. It would 
require that such bodies be disrupted, and their protein constituents them- 
selves would have to be broken into minor groups of molecules before even 
they could dialyze. Now we can not think of a cell sustaining such disinte- 
gration and retaining its integrity as a cell. Conversely, if a body should 
be found to have passed such dialyzing membranes as mentioned and still 
possess its original properties, it could not be regarded as a living proto- 
plasmic unit. 

According to the findings of Eggerth (9) and others, collodion sacs of 
different dialyzing properties may be made by varying the ratio of alcohol 
to ether as a solvent for the collodion. The higher the relative percentage 
of alcohol in the mixture, the easier will be the dialytic transfer of sub- 
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TABLE 11. — Collected results of dialysis experiments on toloacco mosaic virus with 
different grades of collodion sacs 


Grade of sae : 
percentage of 
alcohol 

No. plants 
inoculated 

No. plants 
infected 

Per cent of 
infection 

20 

30 

20 

66.6 

25 

20 

15 

75 

30 

50 

8 

16 

35 

40 

9 

22.5 

40 

40 

10 

25 

45 

70 

. 3-' 

42 

50 

110 

5 (4 from 1 sac) 

4.5 

50 acid 

80 

25 

31 

50 salt 

20 

0 

0 

50 NaOH 

20 

0 

0 

55 acid 

40 

14, 

23 4 

55 

10 

0 

0 


stances. Thus, -a sac made from collodion dissolved in 75 per cent alcoliol 
and 25 per cent ether solution will permit passage of a substance which 
would be entirely blocked by a sac made from 25 per cent aleahol and 75 
per cent ether solution. 

The interest we had in finding a sac which would permit the passage 
of the virus of mosaic led to the making of a graded series from 2G to 70 
per cent alcohol solutions, ascending by intervals of 5 per cent. 

The manipulations followed in making the collodion sacs were essen- 
tially those described by Gates (11) in a recent publication. Bight per 
cent of collodion is dissolved in the desired mixture of completely dehy- 
drated alcohol and ether. The sacs are moulded in short test tubes, and a 


TABLE 12. — The influence of chemicals on the dialyz ability of virus of tobacco mosaic 
through different grades of collodion sacs 


Grade of sac: 
percentage | 
alcohol 1 

Chemicals used 

No. plants 
inoculated 

No. plants 
infected 

Per cent of 
infection 

50 

HCl, 2 per cent, N/20 

30 

7 

. 23 4 

50 

NaCl, 1 per cent 

20 

0 

0 

50 

No chemicals 

10 

0 

0 

55 

HOI, 1 per cent, N/20 

40 

14 

35 

55 

NaOH, 1 per cent, N/20 

30 

0 

0 

55 

Glucose, 1 per cent 

20 

1 

5 

55 

Non-dialyzed 

No chemicals 

20 

0 

0 

juice 


20 

20 

100 
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glass tube is inserted inside the sac within the test tube. The sac is then 
removed with the glass tube to which it adheres loosely. The tube is with- 
drawn from the bottom of the sac about one inch. After the sac in contact 
with the tube dries somewhat it will adhere tightly, and the lower portion 
will hang suspended below the glass tube. 

In use, the glass tube with its sac is supported above a vessel containing 
the expressed juice from a plant known to be affected with mosaic. The 
sac is then partly filled with distilled water and lowered into the juice so 
that the free end is submerged. In this position it remains a specified 
length of time, when the contents of the sac are taken out with a pipette. 
The solution thus secured, consisting of the distilled water and whatever 
substance may have passed through the membrane, is used to inoculate 
young tobacco plants. 


TABLE lZ,^The infiuenw of eleotnodl current on the dialysability of mru>s of tobacco 
mosaic through collodion sacs 


Grade of sac: p€ 
centa^e alcohol 


No. plants 
infected 


Tables 10-13 are representative of what was found in a very long series 
of experiments. It is observed that the mosaic virus will pass with a fair 
degree of certainty through sacs made from a solution containing from 20 
to 45 per cent of alcohol as a solvent for the collodion. Sacs having 
a higher percentage of alcohol than 45 almost never allowed the virus to 
pass unless the juice carrying it had its pH value changed to the acid side. 
In this latter respect the virus behaves as a typical colloid, as it is known 
that a change of reaction slightly to the acid or alkaline side of the iso- 
electrical point will encourage coUoids to pass such membranes. The addi- 
tion of all?:aline solutions to the juice containing the virus did not induce 
a passage of the latter through sacs impervious to it in the untreated juice. 
This is no doubt due to the fact that the juice is normally on the alkaline 
' side of the isoelectrical point. 

, - ;; The addition of salt and sugar to the solution containing the virus did 

■ . : not change the dialyzing property of the virus. The results were likewise 
. : ^ ; ; negative when an electrical current was passed across the membrane which 
,/ separated the plant solution and virus from distilled water. The current 
ivas passed in both directions, that is, from the juice to the water and from 
- i;;, the water to the juice. Hydrpphylic organic colloids, according to Bech- 


Direction of current 
flow 

No. plants 
inoculated 

Erom juice to distilled 

Erom distilled H^O to juice 

20 

20 
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They acquire a definite polarity relation only on the addition to the solu- 
tion of an electrolyte. If the virus in the plant juice acts as a colloid, we 
should not expect the passage of the current to change the property of 
movement through the sac if no electrolyte had been supplied. The fact, 
observed here, that the current does not increase the movement of the virus 
through the membrane points to a similarity between it and colloids. 

EFFECT OF BACTERIA ON THE VIRUS OF TOBACCO MOSAIC 

The fate of the mosaic virus in the soil is of very considerable economic 
importance and has received much attention. The reported results are not 


TABLE 14:,-— The mfluence of h act erial growth on the tobacco mosaic virus when cul^ 
tured in equal parts of bouillon and filtrate 


Organism 

Cultivation 

temp. 

No. plants 
inoculated 

No. plants 
infected 

Per cent of 
infection 

B. sub tills 

37 

5 

2 

40 

B. coli 

37 

5 

1 

20 

B. suipestifer 

i ,37 

10 

2 

20 

B. prodigiosus 

37 

10 

1 

10 

B. hartlibii 

37 

10 

5 

60 

B, proteus vulgaris ... 

37 

10 

1 

10 

B. anthracoides 

37 

10 

3 

30 

B. ruber bdltieus 

20 

20 

0 

0 

Sarcinia lutea 

20 

20 

3 

15 

B, aerogenes 

20 

20 

2 

10 

Cellulose fermenter...... 

65 

40 

1 

25 

JSTo bacteria 

20 

35 

21 

60 

Check plants 30 


0 

0 

0 


concordant, yet on the whole they give one the impression that the virus is 
soon lost when introduced into field soils, or moist soils. Beijerinek (5) 
claimed that it was not destroyed by remaining in the soil over winter. 
Koning (18) could not produce the disease in healthy plants by inoculating 
them with soil solutions from fields where diseased plants had grown. 
Allard (1) secured results which indicated that the virus is soon lost or 
destroyed in field soil. In solutions of plant juice the virus is known to 
withstand the process of decomposition of the juice and remain infectious. 

In the soil, of course, the virus is subjected to the action of a very com- 
plex biological condition, bacterial, enzymatic, and protozoan. It is mani- 
festly impossible to know anything concerning the relative influence of any 
one of these factors under such conditions. Experiments were undertaken 
to show the individual effect of certain bacterial species on the virus. In 
all of the experiments conducted in this connection equal parts of filtrates 



866 Phytopathology [Vol. 16 


TABLE 15 . — The destructive action of selected h act eria on the virus of tohacco mosaic 


Organism 

No. of 
inoculations 

No, of 
infections 

Per cent of 
infection 

B arcmia lutea 

40 

17 

42.0-f 

JB. ruber balticus 

40 

„ 7, 1 

17.0 f 

B. yroteus vulgaris 

40 

3 

7.5 

B. aerogenes 

40 

4 

10.0 

GelMose fermenting bacillus 

40 

1 

2.5 

Check filtrate and bouillon 

40 

30 

75.0 

Eiltrate alone 

40 

31 

77.0 +• 


of diseased plant jniee and sterile bouillon were placed aseptieally in test 
tubes. After the mixture was shown to be free from bacteria it was seeded 
with the organism to be tested. Sufficient time was allowed for the bacteria 
introduced to complete their growth in the medium. Plants were then in- 
oculated with the culture, The results are shown in table 14. 

These results show that all of the bacteria included in the foregoing 
experiments possess some power to inactivate the virus of mosaic. Some 
show very little capacity in this direction, as in the esise of Bacillus JiarilibU, 


TABLE 16. — The effect of heat on enzymes^ ’bacteria, animal vwuses, and the mosaic 
virus of tobacco in moist and dry conditions 


Enzymes, bacteria, toxins, 
and viruses 

Destructiou temp, in 
degrees C. 

Authority 

Wet 

Dry 

Bucrase 

55-75 

160 

Kayser (17, p. 60) 

Amylase 

75-80 

130 

do 

Trypsine 

70 

100 

do 

Lipase 

60 


do - 

B. tuberculosis 

60 

100 

Hiss and Zinsser (13) 

S. cholera 

52 


do 

B. typhosus 

60 

......... 

do 

M. gonorrhea 1 

62 


i do 

B. anthrads spores 

100 

140 ; 

1 do 

Diphtheria toxin 

60 

■ ' 

Oppenheimer (22) 

Botulinus toxin 

58 


do 

Symptomatic anthrax toxin 

50 


do 

Horse anaema vims 

"58 


Buchanan (6) 

Fowl plague virus 

55-60 

........... " 

do 

Cattle plague virus 

58-60 


do 

Hog cholera virus 

60-70 


do 

Tobacco mosaic virus 

88-90 

88-90 

do 
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TABIiE ,17. — The effect of light on eneymes, haotena, toxins, and the mosaic virus of 

tobacco 


Enzymes, bacteria, toxins, 
and viruses 

Loss of 
activity in 
per cent 

Time of 
exposure 

Authority 

Malt diastase 

68 


Hill (12, p. 97) 

Saliva diastase 

45 


do 

Plfi.nt dia.stfLSA 

8 


do 

B, tuberculosis 

100 

1 hr. 

Hiss and Zinsser (13) 

M. gonon'hea .......................................... 

100 

5-10 min. 

do 

Diphtheria toxin 

100 

1 hr. 

do 

Anthrax toxin 

0-5 

indefinite 

Oppenlieimer ( 22 ) 

Botulinus toxin 

1 100 

1 hr. 

do 

B. anthracis spores 

100 

1 hr. 

Arloing (3) 

Tobacco mosaic virus 

1 90 

36 hrs. 



while others completely destroy the infeetionsness of the virus, as, for in- 
stance, B, ruber balticus. The organisms used were selected without refer- 
ence to their biological qualities, and there seems to be no possibility of dis- 
tinguishing the vigorously destructive group from the non-destructive 
group on the basis of any recorded physiological or morphological charac- 
teristics. 

A more extensive study was given to four selected members of the group 
of bacteria which had shown greatest cap aeity for destroying the virus. 
The figures given in table 15 for 40 inoculations were compiled from quad- 
ruplicate cultures of each bacterium, ten plants being inoculated from each 
culture. Duplication was very good in all cultures with a given organism. 

The results merely emphasize the fact, already alluded to, that certain 
bacteria in pure cultures have a decided ability to overcome the disease 
producing faculty of the virus of tobacco mosaic. 


TABLE 18. — The relation of moist'u/re to the coagulation of aVburmn and destruction of 
mosoAc virus of tobacco by heat 


Material 

Percentage 

water 

Coagulation 
temperature 
: in degrees 0. 

Death-point 
in degrees C. 

Authority 

1 '■ 

Egg albumin ......... 

100 

65 


Lewith (19) 

do 

: 25 ■■■.' ■■ 

74-80 1 


do 

do ......... 

18 

80-90 


do 

do 

6 ' ■ 1 

145 

......... 

do 

Mosaic virus 

100 


88-90 


do 

Air dry 


88-90 
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An analysis of tables 16-18 shows that there is considerable variation 
among the members of all the groups of bodies considered as to their re-^ 
sponse to heat and light. In regard to the influence of heat, the mosaic 
virus behaves more as an enzyme than as any of the other classes of bodies. 
-The animal viruses are destroyed uniformly at a comparatively low tem- 
perature, while bacteria and toxins fall into an intermediate position be- 
tween them and the ferments. The mosaic virus displays one character- 
istic not noted in any of the other substances, namely its indifference to the 
moisture content as affected by heat. As is seen, the coagulation tempera- 
ture of albumin depends on its content of water; whereas the mosaic virus 
is destroyed by heat independently of moisture. This indicates that its 
inactivation is not due to coagulation. Both mosaic virus and enzymes are 
very resistant to the action of light. Bacteria on the other hand are rela- 
tively sensitive to light. 

One is led to conclude from these considerations that the mosaic virus of 
tobacco is more nearly related to enzymes than to either bacteria, animal 
viruses, or toxins as far as this kind of evidence permits generalization. 

THEORETICAL DISCUSSION 

Granting the accuracy of observation and validity of conclusions set 
out above concerning the viability of the causal agent of tobacco mosaic, 
we are obliged to seek a non-vitalistic explanation of the diseased condition 
of the plants. In so doing at least two hypothetical possibilities present 
themselves. It is generally conceded that in some way the virus is multi- 
plied. How then may such increase be accomplished if the active agent is 
not a living entity? First, it may be conceived as a product of the plant ^s 
own metabolic activity under the influence of some disturbing factor intro- 
duced into the plant body, namely the virus produced by other plants simi- 
larly affected. Thus we invoke the principle of auto-catalysis. Auto- 
catalyses of a purely chemical nature are well known, and organic auto- 
catalyses are also recorded. The enzymatic transformation which takes 
place in the endosperm of germinating grain, as in the wheat grain, is per- 
haps of this character. The parallel multiplication ratio of the bacteri- 
ophage and the bacteria which it lyses during the lytic phenomenon, sup- 
ported by other evidence, is being regarded as an auto-catalysis by an in- 
creasing number of investigators. Certain manifestations during the prog- 
ress of mosaic disease lend themselves readily to such an explanation. 
Among these may be mentioned the incubation period, the apparent modifi- 
cation of the virus during its sojourn in different hosts, the correlation be- 
tween the pi^ogress of the disease, and cell division in the meristem tissue 
and the fact that the plant does not recover and is not killed by the disorder. 
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A second hypothesis may be stated as follows. It would seem to be 
essential to the theory of evolution to assume that somewhere, somehow, 
living entities sprang from inert matter. We distinguish between living 
and non-living things by noting certain qualities in one that are not observ- 
able in the other. In general these qualities are reproduction, nutrition, ad- 
justment, and response to stimuli. These properties appear to be distinct 
qualities, that is, not dependent upon each other. These separate factors 
of life must have been acquired somewhere along the path of emergence 
from inert to living conditions. There is nothing in the logic of the case 
to prevent the assumption that these qualities may have been acquired one 
by one rather than simultaneously. There is nothing, then, to preclude our 
thinking that there may still be bodies, or aggregates of molecules, which 
are possessed of any one or more of these factors, situated along the way 
of evolution, bodies so to speak between the living and the dead as life is 
now conceived. Such bodies might welt be able to reproduce without ca- 
pacity for adjustment, response, or possibly nutrition. 

The mosaic virus might be possessed of two of these qualities, namely 
reproduction and nutrition, or even that of reproduction alone, increase in 
quantity being some form of additive process incited by the host plant. The 
plant might thus add molecules to the initial foreign group up to the point 
of reproduction, the one function of life inherent in the initial foreign 
group of molecules. Now it is possible to see how this continuous addition 
of certain molecules to the foreign body could disturb the normal metabo- 
lism of the host plant. Molecules thus being taken out of their normal 
course would leave the plant without its due quota and thus prevent the 
maintenance of the nutritive balance normal to the growing plant. Or if, 
in addition to the quality of reproduction, the virus group of molecules 
should have that of nutrition as well, it might be seizing upon particular 
plant molecules appropriating them to itself. In either ease the effect upon 
the host plant would be the same. Such a view, while entirely hypothetical, 
seems not to be outside the realm of possibility. 

Mrowka (21) and Andriewsky (2), working on chicken pest independ- 
ently and with different methods, came to the conclusion that the virus is 
a globulin. The same conclusion was reached by Sangiorgi (24). It is not 
impossible that the mosaic virus of tobacco may be of similar nature, that 
is, a protein of very simple kind, having the characteristics of an enzyme. 

' SUMMARY ■■ 

1. Experiments have been conducted to show the influence of light 
on the virus of tobacco mosaic. The results show that it. is very resistant 
to the action of light. Exposure of the virus to direct sunlight for 36 
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hours destroyed 90 per cent of its infectiousness. Ultra-violet light inacti- 
vated the virus in one hour. X-rays do not appear to injure it. 

2. Exposure of the virus of tobacco mosaic to 80° C. for as long as 20 
days did not completely destroy it. The thermal death-point of the virus on 
the 10-minute exposure basis is between 88° and 90° C. No relation be- 
tween the moisture content of the material carrying the virus and the kill- 
ing temperature could be detected. 

3. It was not possible to recover the virus of tobacco mosaic from the 
bloodstream of a rabbit, into which it had been injected, at any time be- 
tween 3 and 30 minutes. The injection caused no detectable reaction on 
the part of the animal. Drawn blood of the rabbit, when mixed with plant 
juice containing the virus, inactivated the latter. Eesults with cow and 
horse blood are less definite. 

4. The virus of tobacco mosaic has been found to pass through certain 
grades of collodion sacs and not through others. A slight change of reac- 
tion of the juice containing the virus, to the acid side of the isoelectrical 
point, induced the passage of the virus through sacs impervious to normal 
juice. The passage of an electrical current across the sac does not cause 
the virus to dialyze. Sugar, salt, and alkalies are equally ineffective in this 
direction. These results lead to the conclusion that the virus of tobacco 
mosaic cannot be as complex a body as a biological cell, therefore not a 
living entity in the present accepted sense. 

5. Certain bacteria have been found to be very destructive to the virus 
of tobacco mosaic when cultivated in a solution containing it. Other species 
are but slightly, if at all, harmful to it. Apparently there is no biological 
eharaeteristie by means of which the two groups of bacteria can be sepa- 
rated. Therefore no suggestion can be made as to how the inactivating 
effect on the virus is produced. 

6. The evidence gained by these experiments seems to point to the virus 
of tobacco mosaic as a non-living thing, possibly a very simple colloid, pos- 
sibly also of protein nature and having enzymatic characteristics. 

Department OF Plant Pathology, 

University of Wisconsin. 
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ATTEMPTS TO CULTIVATE THE TOBACCO MOSAIC VIRUS 


M. 0. Goldsworthy 

Olitsky^ has obtained evidence that the virus which causes the mosaic 
disease of tobacco and tomato can be cultivated in vitro. The virus, when 
transferred in dilutions to a suitable culture medium, which consists of the 
clear filtrate of normal tomato tissue, increases in potency after an incuba- 
tion period at 30'’ C, The results of his experiments seem to justify the con- 
clusions made. Apparently there was an increase in the causative agent. 

Mulvania^ carefully repeated the work. Tobacco plants inoculated with 
incubated tomato mosaic virus failed to show an increase in infection over 
that caused by the unincubated material. Furthermore he showed that 
diluted virus suspended in distilled water and incubated gave as much in- 
fection as the incubated material in the culture medium. Mulvania con- 
cludes that the mosaic virus of tobacco and tomato can not be cultured ac- 
cording to the method outlined by Olitsky. 

The findings of these two workers suggest the need of further work 
on the subject. The writer has repeated the work, using tobacco plants 
throughout the experiment. Olitsky used tomato plants; Mulvania used 
tomato and tobacco. Since the disease of both plants is caused by the same 
virus, either system or a combination of both may be used. 

The experiment was carried out under greenhouse conditions. The 
tobacco plants wmre grown from seeds and potted in 6-ineh pots. Ten plants 
were used for each test. 

The experiment was carried out in two series. The virus for the first 
series was obtained from dried diseased tobacco leaves sent by Prof. A. V. 
Osmun of the Massachusetts Agricultural College 18 months previously. 
The virus for the second series was secured from diseased tobacco plants 
resulting from the first inoculations. 

In both cases the virus was secured by mincing and crushing the mosaic 
tissues with distilled water in a mortar. The resulting fluid was then passed 
twice through Berkefeld filters of V porosity. The clear filtrate was tubed 
and incubated for 10 days at room temperature in order to test its sterility. 

The culture medium of Olitsky ’s was obtained by mincing, crushing 
and filtering normal tobacco tissues as above. The clear solution gave, 

1 Olitsky, P. K. Experiments on the enltivation of the active agent in mosaic dis- 
ease in tobacco and tomato plants. Jour. Exp. Med. 41; 129-'136. 1925. 

2 Mulvama, M. Cultivation of the virus of tobacco mosaic by the method of Olitsky. 
Science 62; 37. 1925. 

873 













Phytopathology 


using the hydrogen electrode, a pH of 5.9. The solution was tnbed in 10 e.e. 
lots and allowed to remain in the incubator for 10 days at 30° C. before 
inoculating with the dilutions of the mosaic virus. The tubes remained clear 
after this incubation period. 

After this preliminary sterility test, the culture tubes were inoculated 
with dilutions of the virus solutions. The dilutions were made by trans- 
ferring 0.1 c.c. of virus solution to 10.0 c.c. of the culture fluid. Dilutions 
of 1/100, 1/10,000 and 1/1,000,000 were obtained. Undiluted and diluted 
tubes were then incubated for 8 days at 30° C. 

One set of 10 plants in each series was inoculated with the original 
virus solution after passing through the filters. The incubated material 
was inoculated into sets of 10 plants. The inoculations were made by in- 
jecting the material from the culture tubes into the axils of the leaves 
with sterile pasteur pipettes. Cheek lots of plants were placed among the 
inoculated sets. These were inoculated with sterilized distilled water. 

Table 1 gives the number of the series, magnitude of the dilution, and 
the number of diseased plants. 


TABLE 1. — Results of moculating tol)acoo plants with mosaic virm of varying dilutions 


Series 1 

Mosaic virus ob- 
tained from dried 
Incubation leaves stored 18 
for 8 days m o n t li s. Ten 
plants in each set. 


Series 2 

Mosaic virus from 
a diseased plant 
from Series 1. Ten 
plants used in 


Dilutions 


No. diseased plants 


No. diseased plants 


Undiluted 


1/100 

1 / 10,000 

1/1,000,000 A 

1/1,000,000 B 

1 / 1 , 000,000 0 

1/1,000,000 D 

1/100 of A 

1/10,000 of A 

1/1,000,000 of A 

Distilled water (check) A. 
Distilled water (cheek) B.. 
Distilled water (check) 0. 




CONCLUSIONS 

leen. verified during the course of the experi- 
pient op -feiljaepo, iposaip Dilpted tobacco mosaic virus did not increase its 
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potency when incubated in the culture medium described by Olitsky. Ac- 
cording to the findings of Olitsky one would expect the diluted cultures to 
give, after the incubation period, as much infection as the original undi- 
luted virus solution. Especially should this be so with the lower dilutions. 
The results of this experiment support the findings of Mulvania. There is 
a gradual decrease in the number of infections as the virus is diluted, and 
in only two eases out of eight did the 1/1,000,000 dilutions give any infec- 
tion. No infections occurred when the 1/1,000,000 incubated dilutions were 
further diluted. 

Division OF Plant Pathology, 

University of California, 

Berkeley, Calif. 



STUDIES ON THE SPOT DISEASE OF CAULIPLOWEE; A USE 

OP SERUM DIAGNOSIS 


M. G. Goldswoiithy 

This disease, first described by Lucia McCulloch (3) aud later by Erwin 
P. Smith (4), appears to be of growing economic importance throughout 
the cauliflower plantings of the San Francisco Bay Region in California. 
In the fields and in the local markets a great many of the heads are afiected. 
This is especially so at the height of the season, during February and 
March. At this time nearly all of the heads are spotted. 

The disease is easily recognized by the small brown or dark brown spots 
that appear on the inflorescence or edible part of the plant. These spots 
vary in size, sometimes reaching several millimeters in diameter; they are 
at first firm but later become soft. As the disease progresses, invasion by 
saprophytic or secondary organisms occurs, and the decay becomes charac- 
terized by a very offensive odor. Sometimes the heads are slightly spotted, 
but during severe attacks the whole inflorescence becomes covered with these 
brown, firm areas. The spots are confined to the epidermal and adjacent 
layers of parenchyma cells, and very seldom are they found affecting the 
deeper tissues. 

The observations of the writer indicate that the disease is commonly one 
of over-mature cauliflower heads. Occasionally it occurs after injuries. In 
the field one finds the spots on heads that have been mature for a period 
before picking. Since size is a market factor of some importance, the ten- 
dency is for the grower to try to get as large a head as possible. For this 
reason many of the heads are allowed to remain in the field longer than 
necessary, and consequently become spotted. 

Sharp frosts, such as California experiences during the months of Janu- 
ary, February and March, indirectly cause considerable damage to the cauli- 
flower inflorescence. There seems to be no direct frost damage as is usually 
evidenced by blackened tissue' but nevertheless the brown spots increase 
considerably in numbers after these sharp changes in temperature. There 
seems to be just enough injury to the epidermal cells of the fleshy inflores- 
cence to allow the invasion of the organism causing the brown spots. 

The writer has observed repeatedly, during the winters of 1922-23, 
1923-24 and 1924-25, that, following these changes in temperature, con- 
siderable spotting of the cauliflower heads occurred in the fields. On the 
market stands the heads were often 100 per cent affected. During these 
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periods the infections were general, and seldom was one able to find a head 
of cauliflower free from spots. 

The writer has repeatedly isolated the causal organism, Bacterium 
macuUcohm, desciibed by McCulloch. This organism can readily be iso- 
lated in pure cultures from the spots when they are small and firm. When 
the spots are soft, other organisms appear on the plates. The isolated 
organism, when spi’ayed on cauliflower heads under sterile laboratory con- 
ditions, readily reproduces the disease. The writer has repeatedly carried 
it through three generations on cauliflower heads. 

The organism isolated by the writer agrees culturally and morphologi- 
cally with that described by Miss McCulloch. The writer did not succeed 
in producing the black spots on young cauliflower seedlings as McCulloch 
was able to do. She noted that only recently isolated organisms were 
capable of producing these spots and attributed the non-production of 
lesions by older cultures to a loss of virulence due to age. The writer used 
both young and old cultures without success. 

The organism is gram negative, stains readily with the ordinary dyes, 
and is non-acid fast, A short rod, occurring usually in pairs, sometimes as 
short chains. Motile by two to five polar flagellae (Plimmer and Paine 
method). Gelatin moderately liquified. Lactose, saccharose, maltose, dex- 
trose, xylose, mannite, and glycerin not fermented. Acid not formed in 
above. Slight acid formation in glucose. Strictly aerobic (confined to the 
open arm of fermentation tube). Grows moderately on beef bouillon agar 
slants, , profusely on Czapeks synthetic sugar media. Forms a yellow- 
green pigment in gelatin, beef bouillon and in solid media.' No nitrite or 
indol formed. Grows readily at 37° C., also at 4° C. or ice box tempera- 
ture. No spores are formed. Mill?: is peptonized. Agglutinins are readily 
incited in the serum of rabbits. A titre of 1/10,000 was obtained. 


PERSISTENCE IN SOIL 

Since many of the cauliflower heads are infected in the field, it was 
thought that the organism causing the brown spot might be a soil-inhabiting 
species. To determine this, an experiment dealing with the occurrence and 
persistence of this bacterial pathogen in the soil was conducted. 

The literature dealing with experiments of this type was found to be 
rather unsatisfaetot^y. The persistence of pathogenic bacterial organisms 
in the soil hais often been dealt with in a casual way, and many writers have 
been content to designate the organisms that they were working with as 
overwintering in thq soil without any experimental basis for their conclu- 
sions. That it is not easy to study pathogenic bacteria in the soil is obvious 
to many plant pathologists. The extreme difficulties of isolation of a spe- 
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cific form from among tlie various members of the bacterial flora often 
makes such a study almost impossible* 

Pulton (1), working with Pseudomonas citri, the citrus scab organism, 
studied the decline of the organism in the soil. He recognized the difficul- 
ties of trying to plate out his organism from the soil, because of the pre- 
ponderance of more rapidly growing soil organisms, ordinary plating meth- 
ods are inadequate for determining the abundance of Ps. citri in soil sam- 
ples and recourse was had to inoculation of punctured mature grape-fruit 
leaves with . . . washings from the soil.^^ Kotila and Coons (2) , working 
on the method of overwintering in soil of the potato blackleg organism. 
Bacillus atrosepticus, also recognized the difficulties of the isolation of bac- 
terial plant pathogenes from the soil. The difficulty experienced in en- 
deavoring to pick up colonies of the blackleg organism from plates poured 
from soil samples is of course obvious. . . There is such a great number 
of soil organisms which develop on the plates, very similar to the blackleg 
organism, that the chances of picking up the right organism are very 
small. The above workers used the inoculation method for determining 
the persistence of their organisms in the soil. This method is open to criti- 
cism, in that successful inoculations are not always possible. It has been 
the writer 'S experience that successful inoculations are rare indeed in com- 
parison with non-suceessfuL The required relation between the parasite 
and the host may exist only at times and under certain conditions. It 
seems unsafe, therefore, to base conclusions on the presence of any para- 
sitic organism on chance infections. Something more specific and, at the 
same time, easy of manipulation should be used in such studies on the per- 
sistence of organisms in the soil. 

The writer, taking advantage of the high specificity of antibodies, as 
used by medical bacteriologists, has brought into use the agglutinating anti- 
serum in his present study. High titre antiserums were produced by in- 
jecting into rabbits the appropriate antigen, namely, the organism under 
study. Identification of the isolated organism was made by agglutinating 
at high dilutions of the specific antiseram. In this manner the identifica- 
tion became easy and at the same time absolute. 

The method of producing the agglutinins was as follows : 24-hour-old 
cultures growing on Bacto-peptone beef bouillon agar slants (pH 6.8) were 
suspended in 10 c.c. of physiological salt solution (0.85 per cent). The 
living organisms were injected intravenously into rabbits weighing about 
2,500 grams as follows: on the first day 1.0 c.c. of the above saline suspen- 
sion, 1.0 c.c. on the second day, and 1.5 c.c. on the third. Seven days after 
the first injection the series of three were then repeated with doses of 2.0 
c.c. each day. Sixteen, days after the first injection the animals were bled 
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from the heart. An excellent titre was obtained by this method. Pheno- 
lized cultures did not prove potent. The living suspensions proved to be 
slightly toxic for the rabbits. A little care must be taken during the first 
period of injections. The above method is one that is used in the medical 
bacteriological laboratory at the University of California, 

The present work consisted of examination of sterilized and unsteinlized 
flasked soil, inoculated with a broth suspension of B, maculicolum. The 
experiment was carried out under laboratory conditions. 

METHODS op EXPERIMENTATION 

Brlenmeyer fiasks, capacity 250 c.c., in which 150 grams of ordinary 
campus soil was placed, were used for the experiment. The campus soil is 
a heavy clay loam in which are dispersed small and large pieces of native 
rock. This soil had an initial reaction of pH 6.5 as determined by the 
hydrogen electrode. 

Three sets of 24 flasks of soil were used. One set was sterilized for 4 
hours under pressure in the autoclave and inoculated with a suspension of 
B, maculicolum growing in beef bouillon broth. Another set was left un- 
sterilized but was also treated with the suspension of organisms. Enough 
of the suspension was added in both cases to bring the moisture content of 
the soils to optimum. The last set was sterilized as above but not treated 
with the suspension. Distilled water was added to these instead of the sus- 
pension. This set was used for the checks. All of the flasks were then 
placed away in a laboratory cupboard for further examination. The flasks 
were not molested until used for the experiment. As each flask was opened 
it was discarded. 

The isolations were made by placing a few grams of the flasked soil in a 
tube of sterile beef broth and incubating at room temperature until tur- 
bidity developed. Pi^oper dilutions were then made of the culture, using 
Czapek’s synthetic sucrose agar pH 6.6, which proved to be a very suitable 
substratum for the isolation of this organism, since it grows luxuriantly and 
gives a greenish pigment in the medium. Characteristic colonies were then 
selected and isolations made from these on nutrient beef agar slants. The 
identification was then made by use of the agglutinating anti-serum of 
rabbits. 

Isolations were made each week, for the first four weeks, then every two 
weeks for sixteen weeks, then every four weeks for the remainder of the 
year. The experiment was begun September 17, 1924, and was continued 
until September 17, 1925. 

The natural field conditions were not duplicated in the laboratory ex- 
periment. The temperature of the laboratory does not change very much 
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thronglioiit the year. The moisture conditions under which the experiment 
was conducted obviously show no analogy with those met with in the field. 
The fluctuating environmental conditions, which no doubt play a great 
part in the. persistence of any organism in the soil, were lacking in this 
experiment. The competitive influence of the other members of the soil 
flora may also play a part in this persistence. This competitive factor was 
encouraged to some extent in the unsterilized flasks. That the competitive 
factor was not wholly duplicated is recognized by the writer since certain 
types of the soil flora which might be present under normal conditions were 
absent. 

The moisture content of the soil decreased slowly throughout the experi- 
ment. After two months the flashed soil was dry. At the end of the ex- 
periment and, in fact, during the last six months, the soil was powdery dry. 
The writer feels that, under these moisture conditions, the organisms were 
placed under quite a severe test. 

The problem of identification was made simple by the agglutinating 
antiserum. Since the question of specificity might enter into the criticisms 
of this paper, the writer tested other organisms that were found growing on 


TABLE 1, — The gfowth^ of Bactermm mamlioolim and other organisms m sterilised and 
msterilised sail. Experiment in progress from ISfov. 17, 19M, to Nov. 17, 1925 


Time in 
weeks 

Cheek (sterilized soil) 

Inoculated (sterilized 
soil) 

Inoculated (unsterilized 
soil) 

B. maculi- 
colum 

Other 

organisms 

B. macuU- 
oolum 

other 

organisms 

B. macnliA 
Golnm 

other 

organisms 

1 

- 

X 

X 

- 

X 

X 

2 

- 


X 

X 

X 

X 

3 

- 
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- 

- 

X 

4 

. - 

- 

X 
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X 
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5 
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-* 

X 
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X 
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7 
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X 

X 

X 

lost 


9 

- 

- 

X 

- 

X 

X 

11 

- 

- 
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X 
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15 

- ■ 

X 

X 

X 

- 

X 

19 



X 

- 

X 

x,f 

23 
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X 

X 

. ■: '27 , 



■ , X ■ ■ 


■.'X' 

x,f 

35 





X 

X 

40 

.. ^ ■ ■■ 

- 



X 

X,E 

44 



"X" 

... 

X 

X 

48 
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x 


-- 

X 

52 



■ ■■ _X 

, 

X 

X 


a-, no growth^ X, growth; b fungous growth. 
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tlie plates obtained from the nnsterilized series* A few animal pathogenes. 
Bacillus col% Bacillus typhosus and Siaphylococctis aureus^ as well as a few 
plant Bacillus carotovorus and two types of Pseudomonas 

cerasusj were also tested with the antiserum. No cross agglutination was 
observed. Furthermore the agglutinating antiserum was used in 1/1000 
dilutions, a fact which obviates any error that might creep in from this 
direction. 

Transfers were made from the characteristic colonies, found growing on 
the plates resulting from each of the inoculated flasks of soil, sterilked and 
unsterilized, on to nutrient beef agar slants. Transfers were also made 
from colonies developed on the plates from the check flasks, which proved 
to be unsterile. Many of the transfers represented colonies that resembled 
those of the organism inoculated into the soil. As stated before, these trans- 
fers were used to check the group relations if such existed. None of these 
were agglutinated by the specific antiserum in any dilution. 

BESULTS 

Table 1 shows the occurrence of B. macuUcolum in the laboratory soil. 

The data given in the table show how readily B, macuUcolum can 
persist in soil under the conditions of the experiment. This bacterium ap- 
pears to be well able to compete with the other members of the soil flora. 
In no ease in this experiment was the organism found normally in non- 
inoculated soil. This was shown in the flasks which were sterilized but 
which were found later to harbor a flora. Apparently four hours' steriliza- 
tion at 115^ C. under pressure is not sufficient for flashed soils. 

NATURAL OCCURRENCE OP BACTERIUM MACULICOLUM IN SOIL 

The writer had occasion during the course of another experiment to 
accumulate cultures from various soils throughout the northern part of 
California. These soils represented areas devoted to orchards of deciduous 
fruit trees such as plums, peaches, apricots and pears. In no way were they 
connected with the growing of cruciferous crops. All of the samples were 
taken in the field and immediately placed in sterile beef bouillon broth tubes. 
These were incubated and plated. Transfers w^ere made of the resulting 

, .One hundred and eighty-seven soil samples were secured and cultured. 

. B. maculicohm was isolated from 28 of these, 

‘ NATURAL OOOURRENCE ON INSECTS 


The , stink or plant bug, Euryopihalmu,s convivus, is quite 
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harm. It inhabits these orchards the year round. This insect is partieii- 
larly active and is found crawling about in the trees and on the soil and in 
the soil cover. The writer was curious to find what relation this insect had 
to the dissemination of bacteria which cause the gummosis of stone fruit 
trees. Aphids are also found commonly on these trees, and these were also 
examined. Some 65 insects were cultured by placing them in beef broth. 
Some of the insects were treated with alcohol before placing them in the 
culture fluid ; some were treated with alcohol and then crushed in the cul- 
ture fluid. No organisms were isolated from these last two sources. Sixty- 
five isolations were made from the remainder and, of these, ten proved to be 
B. maculicolum, showing that the insect carries the organism on its extremi- 
ties. No organisms were isolated from the aphids. 

SUMMARY 

1. The economic importance of the spot disease of cauliflower appears to 
be increasing in the San Francisco Bay region of California. 

2. Sharp frosts, especially during the latter part of the growing season, 
cause an injury which allows a greater amount of infection. 

3. The practice of allowing the heads to become over-mature appears to 
favor the infection. 

4. The cultural characteristics and biological activities of the bacterial 
organism isolated by the writer agree with those described by McCulloch. 

5. Young cauliflower plants failed to become infected with B, maculi- 
when sprayed with recently isolated strains. 

6. Cauliflower heads were readily infected when the organism was 
sprayed upon the fleshy part. 

7. B. maculicolum readily incites the formation of agglutinins in the 
serum of rabbits when injected intravenously. A titre of 1/10,000 was 
secured. 

8. The bacterium was able to persist in flashed dry soil for at least a 
year. 

9. The bacterium was found naturally in soils which were not cropped to 
cruciferous plants. 

10. The red bordered stink bug, Euryopthalmus convivus, carries the 
organism on its extremities and thereby acts as a disseminating agent. 

Division OP Plant Pathology, 

University op California, 

Berkeley, Calipoi^nia. 
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COLD CHLOROSIS OF SUGAR CANE^ 


James A. Faris 

During the winter of 1924-1925 the writer observed peculiar white 
bands upon the leaves of Yellow Caledonia cane on the south coast of 
Habaiia Province, Cuba. Several fields were thus affected, and every plant 
seemed to be uniformly marked. These markings were very definite bands 
across the leaves, in which the chlorophyll had failed to develop. No such 
markings were noticed in the Cristalina cane growing alongside these fields. 
The country people attributed these white bands, or ''manchas blaneas, ^^ as 
they call them, to freezing during a period of cold weather, but this explana- 
tion seemed out of the question, as no freezing temperatures have ever been 
recorded from this locality. These fields were again observed in May, 1925, 
two months later, and no new markings had appeared, but the areas on the 
older leaves still persisted. No further evidence of such chlorosis was seen 
until December, 1925, when bands appeared simultaneously upon several 
cane varieties in the collections of the Cuba Sugar Club Experiment Station 
of the Tropical Plant Research Foundation, at Central Baragua, Cuba. In 
January of the present year specimens affected with this form of chlorosis 
were sent to the station from Central Carmita by Mr. J. T. Crawley. Other 
cases have been observed by the writer in Santa Clara, Eabana, and Oriente 
provinces during the months of January, February, and March. In some 
cases these have been confused with mosaic by the field men. A study of 
the contributing causes was then made and experiments were begun in which 
these white bands were produced under controlled conditions, as hereinafter 
recorded. 

DESCRIPTION OF THE CHLOROTIC BANDS 
The bands observed range from 2 to 4 inches in length and vary in width 
from a narrow strip along the margin of the leaf to bands which completely 
cross the leaf and have every appearance of being formed in the cornucopia 
of the leaves. All of the central leaves are thus marked, hut in later growth 
the affected areas separate and hence are quite differently located upon the 
mature leaves. As will be seen from figures 1 and 2, the whitened hainds 
are relatively lower upon the older leaves and are progressively higher upon 
the younger ones. The youngest leaf affected usually has the band at, or 
very near, the tip. 

While the bands appear to be very regular in their limits, it will be seen 
upon close inspection that the borders of the white and green tissues are very 
1 Scientific CoiitrilDutions No. 3, Tropical Plant Research Foundation. 
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irregular (Fig. 3) . A part of this irregularity is due to cell divisions sub- 
sequent to the original exposure. The tissues involved in this band seem to 
have lost the power to form chlorophyll. The cases where distinct green 
stripes develop along the veins are interpreted as being due to the normal 
development of chlorophyll in the deeper lying tissues which escaped the 
cold injury, especially the chlorophyll-bearing bundle sheath which forms 
a continuation of the sclerenehymatous tissues around the fibrous strands of 
the leaf sheath and cane stalk. These thick-walled cells continue to develop 
chlorophyll even after this power is lost by the surrounding parenchyma. 


PiO. 1.— Plant of H'-109 cane with ehlorotie bands due to cold injury. 



rie. 2. Plant of D— 1135 cane with (A) chlorotic bands induced by melting ice in, the 
“boot,” and (B) induced by cold weather. 
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Since every indication pointed to the formation of these chlorotic bands 
while the young tissues of the various leaves were in the cornucopia, experi- 
ments were devised to test the theory by keeping melting ice above this point 
and permitting the “hoot” of the plant to stand full of cold water. A fun- 
nel of tough paper was tied about the top leaves of 27 different stalks of 
11-109 and 13-1135 varieties of cane and was kept full of ice during a period 
of three consecutive nights. The ice was applied during the nights of Janu- 
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Fiq, 3. — Cane leaves -with oUorotio areas due to cold injury, The darkened stripes in the 
chlorotie area are due to the attacks of a -weak fungus parasite. Natural size. 


ary 22, 23, and 24, 1926. White bands began to develop January 30 upon 
the treated plants, but no signs of chlorosis developed upon the untreated 
stalks of the same plants. The bands upon the treated plants were not so 
marked as bands which developed within a few days after periods of cold 
weather occurring in December, 1925, and in January and February, 1926. 
However, artificially produced bands were tvell marked and definite, as can 
be seen from the bands indicated as A in figure 2. 

A study of the temperatures and rainfall during the season of 1925-26 
shows that an outbreak of this leaf banding has occurred in every case where 
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low temperatures have followed periods of rainfall. Usually winter rains 
in central Cuba follow the continental storms of the North and are, as a 
rule, followed by colder weather. Such conditions stimulate growth in the 
cane, and then the cold water standing in the cornucopia of the stalk chills 
the newly exposed tender tissues, thus causing the chlorosis in the leaves 
affected. This combination of conditions is shown graphically in figure 4, 
a chart showing the maximum and minimum temperature curves and rain- 
fall at Baragua from November 1, 1925, to March 7, 1926. The arrows in- 
dicate the date of first appearance of the white bands in the leaves of H-109 
and D-1135 cane varieties. The chart also shows the dates of application 





Fig. 4. Chart showing maximnin and minimum temperatures and rainfall at 
Central BaraguA, Cuba, from Kovember 1, 1925, to March 7, 1926. The arrows indicate 
the dates of appearance of cold chlorosis. 

of the ice in the experiments and the appearance of the chlorotic bands 
thereafter. 

From the chart it would seem that two or three nights of temperatures 
from 5° to 10® C. are required to produce this response in the susceptible 
varieties. 

RELATIVE SENSITIVENESS OF CANE VARIETIES TO COLD CHLOROSIS 

Some varieties are much more sensitive to this form of cold injury than 
others. Tliis does not seem to be so much a matter of the age of the plants 
as the age of the tissues exposed and their inherent sensitiveness to cold. 
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Cold weather not preceded by rainfall to stimulate renewed growth may 
cause the appearance of slight chlorotic bands, while temperatures not quite 
so low but preceded by weather favorable for growth are followed by very 
marked chlorotic bands across the leaves. At the temperatures recorded in 
figure 4 the following varieties (Table 1) developed this form of white bands. 
The sensitiveness of the varieties is roughly indicated on the scale of 10, 
using 10 for the most sensitive and 1 for those varieties which developed 
slight chlorotic edges on the leaves. 

Under the same general field conditions at Baragua, Cuba, the following 
varieties did not develop these chlorotic bands in the leaves : 


Badila 

Kavangire 

La. Purple 

Java Unknown 

Cristalina 

Penang 


Cana Blanea 

Striped Bourbon 

Criolla 

Bocoya 

Tjepering 

Uba 

Toledo 

Tekclia 

Bamboo Blanca 

OsMma 

Kinar 

Kassoer 

do Morada 

Burra 

Banes 2 

Brava de Perico 


S.O.-~12/4 

B-1753 

B-1809 

B-3405 

Tucuniaii 439 

Tueuman 507 

B-3412 

B.F.I.-33243 

B-3696 

B-6450 

B.H.-10/12 

B-4596 

Cuba 1-34, 

B-109 

00-210, 213, 


36-37, 40-45, 

D-433 

214, 232, 281 


47, 49, 50, 52, 

D-247 

P.O.J.-36, 213, 228, 


53, 64, 69, 145, 

D~604 

234, 826, 979, 


251, 291,338, 

B-625 

2379,2714,2221 


350, 351, 362, 

BK~28 



364, 384, 385, 

M-36 



390, 419, 483, 

B-208 



519, 555, 768 

Oomez Mena 4-6 



G,H.-64/21 

do 8 and 9 




Some of these varieties might develop this chlorosis at colder tempera- 
tures, or even at a greater prolongation of the temperatures recorded in 
the chart. 

LEAP SPLITTING BY SEGONDAEY PUNGUS PARASITE 
As shown in figure 3, when the leaves with these bands reach maturity, 
the tissues between the veins in some plants of certain varieties are attacked 
by a fungus which forms an elongated stripe. This stripe has a narrow 
reddish border and a gray center in which fruits of a Coniothyrium species 
are often formed. The leaves may split along these stripes, but the midrib 
and veins are usually strong enough to give mechanical support. The stripes 
occur on a very small |)roportion of the affected areas even in the susceptible 
varieties. They resemble very much the stripes formed upon chlorotic 
leaves of cane under injurious soil conditions such as areas of coco out-crops. 
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TABLE 1 . — Relative sensitweness of cane varieties to cold chlorosis 


Variety 

Sensitive- 
ness to cold 
chlorosis 

Variety 

Sensitive- 
ness to cold 
chlorosis 

Variety 

Sensitive- 
ness to cold 
chlorosis 

H-109 

10 

Kavangeri© ... 

3 

B.H. 10/12... 

1 

D-1135 

9 

Cuba 35 

3 

0-100 

1 

D-99 

8 

Cuba 483 

2 

D-116 .... 

1 

D-74 

5 

P.E.-209 ...... 

2 

D-216 

1 

0-46 

5 

P.B.-707 

2 

P.C.-37 ......... 

1 

Yellow Caledonia... 

4 

B-109 

1 

P.O.-306 ...... 

1 



Cayana 10 

1 

P.O.J.-2725 

1 


SECTIONAL CHLOROSIS IN HAWAII 

At the Honolulu meeting of the International Society of Sugar Cane 
Technologists,^ the matter of sectional chlorosis of sugar cane was discnssed. 
Its presence was reported in Australia by Mr, North, and in Hawaii by 
Mr. Lee. A similar trouble in Louisiana was reported by Mr. Brandes. 

Mr. North suggested that the injury was associated with cold weather, 
as is the case with the cold chlorosis occurring in the fields in Cuba (Fig. 4) . 
This is also confirmed by my experiments with ice in the spindle of the 
young cane plants. It is not necessary that the temperature should drop to 
freezing. In the more sensitive varieties temperatures around 10° C. seem 
to be sufficient to cause the injury. In Hawaii it has been noted that H-109 
and D-1135 are very sensitive to the sectional chlorosis. This has also 
proved to be the case in the cold chlorosis herein reported (Table 1) . 

Tropical Plant Eesearch Foundation, 

Central Baragua, Cuba. 

2 Digest of the Proceedings of the 1st Conference of the International Society of 
Sugar Cane Technologists, Honolulu, 1924. 





PHYTOPATHOLOGICAL NOTES 


. Virus mixtures that may not he detected in young tobacco plants , — For 
over a year the writer has used a virus of tobacco mosaic^ which appears tO' 
be free from any other mosaic* virus when observations are made on young 
plants grown at temperatures near 25° C. However, from three to- six 
weeks after inoculations, small, inconspicuous yellow spots (1-5 mm, in 
diameter) begin to develop, usually on the older leaves. Rarely have more 
than three or four such spots been observed on a plant. At high tempera- 
tures (90°“100° C.) these yellow spots have been observed on 1 out of 400 
young mosaic affected plants. 

When young tobacco plants were inoculated with virus from these yellow 
spots and grown at 25° C,, yellow mosaic developed in all the plants in from 
10 to 12 days after inoculation. Later, green mosaic developed on the 
younger leaves, and this predominated over the yellow mosaic on the sub- 
sequent foliage. However, rather large, yellow spots eventually developed 
on the larger leaves of the infected plants. 

When young plants were inoculated with virus from the green tissue 
bordering the yellow spots, a slight amount of yellow mosaic occurred in 
from 10 to 12 days, and later, green mosaic developed alsoj but when virus 
was taken from points on the same leaf more remote from the yellow spots, 
only green mosaic occurred on the young plants. 

There are two points of outstanding interest in these results, (a) the 
suppression of yellow mosaic in the great majority of young plants when 
this virus is very dilute, and (b) the localized concentration of the yellow 
mosaic virus in the yellow areas. 

These results make it apparent that a virus contamination may not be 
detected when the observations are confined to young plants. It seems evi- 
dent that observations should be made for a considerable period after the 
occurrence of green mosaic in order to detect any possible outstanding 
variations in the symptoms. It now appears that the virus of the yellow 
mosaic has been purified by successive sub-transfers from the yellow spots. — 
H. H. McKinney, Pathologist, Office of Cereal Crops and Diseases, Bureau 
of Plant Industry, U. S, Department of Agriculture, in cooperation with the 
Wisconsin Agricultural Experiment Station. 

1 This virus was obtained from a single plant which was kindly supplied the writer 
by Brs. James Johnson and M. Mulvania. The mosaic on this plant was of the typical 
green type which various workers have described. 
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Progress report on MmcJiij-top of abaca or Manila hemp. — ^Aba'ca or 
Manila hemp (Mtisa textilis) is one of the leading export crops of the Philip- 
pine Islands. Its most serious malady is bnnchy-top, which is considered 
to be a virus disease. In all probability this is an old disease of abaca. The 
writer noted symptoms of it in the province of Albay, Island of Luzon; in 
1910 and 1911. Dr. Otto A. Keinldng brought a specimen from the same 
island from Silang, Cavite Province, on April 7, 1925. The alarming pro- 
portions of the disease in the abaca regions of the Philippines has recently 
attracted the attention of growers, and the writer’s interest in bunchy-top 
was stimulated by a conference with Dr. Eeinking. 

The most striking characteristic of bunchy-top is the crowding of the 
leaves into a more or less rosette arrangement. Infected plants are much 
stunted and produce short pseudo-stems. Observations indicate that in- 
fected plants never recover. They die prematurely, and very few of them, 
if any, produce fruits. Abaca is susceptible to the disease at all times dur- 
ing its life cycle. Aphids were noted on bunchy-top infected abaca in Los 
Banos as early as June, 1925. On October 23, 1925, they were found in 
abundance on the unexpanded youngest leaves of healthy and bunchy-topped 
plants. This aphid has been identified as Pentalonia nigronervosa Coq. by 
Doctor L. B. Uichanco. It is of interest to note that in Queensland, Aus- 
tralia, bunchy-top of banana is reported to be transmitted from plant to 
plant by the same species.^ We are led to believe that this aphid plays an 
important role in the transmission of bunchy-top of abaca in the field. 

Eesults obtained from experiments using Pentalonia nigronervosa as 
vector indicate that bunchy-top may be transmitted from diseased abaca 
plants to healthy ones by this aphid. Material from several sources ^as 
used in the preliminary experiments, namely, young abaca plants grown in 
the Plant Pathology experimental plots, infected plants in the Agronomy 
field, and plants grown from seeds. Since bunchy-top plants do not pro- 
duce fruits, diseaKse-free plants were obtained from seed. Seeds were germi- 
nated in flats, and after emergence the seedlings were transplanted to pots 
where they were screened by cheesecloth. These seedlings were used in 
transmission experiments. Further work is in progress.— Gerarpo Offi- 
MAEiA OcPEMiA, Department of Plant Pathology, College of Agriculture, 
Los Banos, Philippine Islands. 

1 Aaoaymoas. Buaeliy top in bananas. Cause and nature of disease. Report of 
Investigation Committee. Queensland Agric. Jour. 24: 424-429. 1925. 





PHOMOPSIS JUNIPEROVOEA AND CLOSELY RELATED STRAINS 

ON CONIFERS 
Glenn Gardner Hahn 
INTRODUCTION 

The blight and canker of nursery cedars, caused by Phomopsis junipero- 
vora Hahn (5) and known as cedar blight, probably should be regarded as 
a Phomopsis disease of conifers for reasons set forth in this paper. Stewart 
(16) and Duggar made the first recorded observations on this disease in 
1896-7. Typical P. juniperovora continues to be in certain parts of the 
United States a virulent parasite, causing great damage in coniferous nurs- 
eries and also injury in ornamental plantings. It is now found to attack 
a number of heretofore unreported hosts wliich may be as vigorously at- 
tacked as is Juniperus virginiana L. (6), the host upon which red cedar 
blight, as the disease was earlier known (7), was investigated (4). Pho- 
mopsis strains closely related to P, juniperovora, but perhaps specifically 
distinct, have also been found to cause disease in representatives of a num- 
ber of genera of conifers. The present paper is a progress report outlining 
the results of investigations in the United States. 

GEOGRAPHICAL DISTRIBUTION 

Typical Phomopsis juniperovora is known to occur in States extending 
along the Atlantic seaboard from Connecticut to Florida ; from southern 
” jinesota and "Wisconsin to Alabama ; it is not known to date to extend any 
farther west than eastern Nebraska and Kansas (6). The States as hereto- 
fore published (5) include Illinois, Iowa, Kansas, Minnesota, Nebraska, 
New York, Ohio, and Pennsylvania. To this list may now be added Ala- 
bama, Connecticut, District of Columbia, Florida, Kentucky, Maryland, 
Missouri, North Carolina, Tennessee, and Wisconsin. 

Closely related strains which have been found on conifers also are re- 
ported from California, District of Columbia, North Carolina, Pennsyl- 
vania, and Washington. 

NEW EIELD HOSTS 

Phomopsis juniperovora was originally described as occurring naturally 
on Juniperus virginiana (5) and /. scopulorum Sarg.^ Early artificial in- 

1 The nomenclature herein followed is that contained in the revised check list of 
Commercially Important Trees of the United States, Forest Service, U. S. Dept. Agr., 
Pee, 15, 1924, and for ornamental conifers in Standardized Plant Names, American 
Joint Committee of Horticulture Nomenclature, 1924. 
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oculations (4) also demonstrated tlie potential parasitism of the Phomopsis 
on J. virginianaf J. scopnlorum^ J. lucayana Britt, (not J. barhadensis L.), 
J, pacliyphloea Torr., J. communis L., J. communis var. monfana {J. sihirica 
Burgsd.), J. horizontalis Moench {J. prostraia Pers.), Thuja occkUnialis 
L., T, orientaUs h,, T, pUcata Don., (T. gigantea Nutt.), Cupressus glabra 
Sudworth. 

Diagnoses of field specimens sent into the laboratory have since shown 
that, with the exception of J. pachyphloeay all the above-mentioned inocula- 
tion hosts are naturally infected with Phomopsis juniperovora. Typical P, 
juniperovora Ivds also been fonnd on /. Sieb., {J. chine7isis var. 

procimibe^is EndL) ; J. cJimensis var. pfit^eruma Spaett. ; J. sabma L. ; J. 
sabina var. tamariscifolia- Ait. ; Cup^^essus sempervireois h. ; G. macroca^rpa 
Hartw. ; C. arizonica Greene; 0. gove^iiana Gord. ; C. benthami Gavi\; C. 
fiinebris End!,; Ghamaecyparis obiusa Sieb. and Zucc., {Retinospora o'htusa 
Sieb. and Zuee.) ; G. pisifera Sieb. and Znce. ; 0. pisifera var. plumosa 
Beiss., (EfJinospora plumosa Veitch) ; C. Pari., {Cupressus laiv- 

.miiana Mnrr.) 

The Phomopsis strains related to Phomopsis jumper ovora have been 
found on Juniperus procumkens Sieb, ; Thujopsis dolobrata Sieb. and Zucc., 
(Hiba arbor-vitae) ; Cephalotaxus drupacea Sieb. and Zucc., (Japanese 
plum-yew) ; Taxus baecaia fastigiadahomh, (Irish yew) ; T. cuspidaia Sieb. 
and Zucc., (Japanese yew); Taxodmm distichmn (Linn.) Rich., (bald 
-■^ypress) ; 8eq%marwa>shmgionktna (Winsl.) Sudw., (big tree); 8. semper- 
pirens (Lamb.) BndL, (redwood) ; Gryptomeria japonica D. Don, (coin- 
nion Gryptomeria) ; Abies homolepis Sieb. and Zucc., (A. brachyphylla 
Maxim, Nikko fir) ; Pseudotsuga taxifoUa (Poiv.) Britt., (Pacific coast type 
or Green Douglas fir, Pseudotsuga douglasii Carr., and the Rocky Mountain 
type, or Blue Douglas fir, Pseudotsuga glauca Mayr.) ; Tsuga cajiadensis 
(Linn.) Carr., (eastern or Canada hemlock) ; Larix europaea E. C, {L. 
decidua Mill, European larch) ; and L. leptolepis Murr. (Japanese larch). ^ 

CULTURAL CHARACTERS 

The separation of the Phomopsis strains into the two arbitrary groups, 
namely the A group, definitely typical P. pmiperovora, and the B group, 
which is composed of the closely related strains, is based in part on cultural 
behavior in pi^eliminary tests. Lines of the first-named group, which were 
isolated and studied from Juniperus virginiana, Cupressus arizonica, C. 
sempervirens, G, fmiehris, ojid Ghamaecyparis obiusa, differed somewhat in 
Their reaetions from lines from the B group studied from Jimperus pro- 

2 It will be noted that the 22 host speeies of typical Phomopsis jmiiperorora all 
beloag to four genera of cedars; while the related strains are mostly from other conifer- 
ous hosts. 
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not only had a great many friends but he knew it too. He showed 
his affection for people so naively that one couldn’t help returning it.” No 
finer expression of the personal character of Joe Rosenbaum can be offered 
than these words of his stricken wife announcing the death of our young 
friend and colleague. We called him Joe” because we sensed the human 
friendline>ss of him. We esteemed him for his enthusiasm and devotion in 
the labors of his profession. His researches in the field of plant pathology, 
to which the earlier years of his professional life were devoted, commanded 
our confidence and respect. 

These characters of the man were already clearly defined in the days 
when, as a graduate student, he worked with the senior author in the lab- 
oratories of plant pathology at Cornell University. Keen and alert, he 
worked with the joyous enthusiasm, the clear thinking and the friendly 
devotion which every teacher recognizes as the mark of the promising stu- 
dent. With no trace of personal selfishness, which often mars the promises 
of a brilliant mind, he was an ideal assistant and companion in scientific 
endeavor. It was this rare combination of enthusiasm, personal charm and 
ability -which during the later years of his short life made him a devoted 
and successful teacher of young men preparing to enter college. The last 
time I saw him he told me, with that generous pride of the successful 
teacher, of the high standing of the pupils from his laboratory in the 
entrance examinations in botany and biology. With undiminished enthu- 
siasm and energy he had passed from the field of research to the more diffi- 
cult and exacting realms of the successful teacher. And so, unsuspecting, 
I grasped his hand for the last time, and he left me as he had come to me 
in his college days, the kindly, able and enthusiastic Joe. 

The junior author was fortunate in being associated with Joe as a fellow 
investigator when he served in the Bureau of Plant Industry, U. S. Depart- 
ment of Agriculture. In that association the sterling qualities of the man 
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gave greatest expression. He was ever ready to do his part in the fullest 
measure ; and his enthusiasm, determination and untiring efforts, coupled 
with a keen analysis of his task, were stimulating and contributed much to 
lightening our labors in the field of potato disease investigations. His 
learning, alertness, openmindedness and honesty of scientific purpose made 
for implicit confidence in his interpretations and conclusions. In a word, 
his scientific contributions bear the stamp of a task well done. 

The close contact of an isolated field station served to bring out those 
qualities of companionship so characteristic of the man and to emphasize 
the beautiful simplicity of his ideals in life. Here was shown his home life, 
presided over by his wife, a noble woman, radiating physical welhbeing, 
hope, and gladness in their path. Joe often spoke of his desire to have 
a small country place surrounded by plants in their natural beauty. His 
keen pleasure in serving others, his unselfishness, love of home simplicity, 
and his innate idealism are attributes that claim our homage. 

Joseph Kosenbaum was born December 19, 1887, in Russia. He was 
descended from a long line of able Jewish Rabbis. He came with his father 
and the family to the United States, where they settled in Woodbine, New 
Jersey, in 1896. Here he received his grammar and high-school education. 
He entered the Massachusetts Agricultural College in 1906, transferring to 
the New York State College of Agriculture at Ithaca in 1907. He received 
the degree of B.S.A. from the latter institution in 1911. He supported him- 
self while an undergraduate by writing and by miscellaneous work during 
summer vacation and through the school year. He received the degree of 
Doctor of Philosophy at Cornell University in 1914, having specialized in 
the field of plant pathology. During these graduate years he was special 
agent for the U. S. Department of Agriculture on ginseng diseases and, in 
1914-1915, instructor in plant physiology in Cornell University. In 1915 
he became a resident member of the staff of the Bureau of Plant Industry 
in the U. S. Department of Agriculture, where he remained, devoting him- 
self to research in plant pathology and mycology, until 1920. Prom 1920 
until the time of his death he was head of the Department of Botany and 
Biology at the Milford Preparatory School, Milford, Connecticut. Here he 
soon became a successful and much loved teacher. He died June 5, 1925, 
of bacterial endocarditis, after a three months' illness. He left a widow and 
two young daughters. 

Dr. Rosenbaum was a member of the Alpha Chapter of Sigma Xi, a 
member and fellow of the American Association for the Advancement of 
Science, a member of the American Phytopathological Society, and of the 
Botanical Society of Washington, D. C. For one whose years in productive 
research were so few, he made a notable number of contributions to science. 
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1915. 
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213-254. 1916. (Co-author with I. E. Melhus and E. S. Schultz.) 
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Studies of the genus Phytophthora. Proc. Nat. Acad. Sci. 3; 159-163. 1917. 

A new strain of RJmootonia solani on the potato. Jour. Agr. Res. 9: 413-420. 1917. 
(Co-author with M. Shapovalov.) 

luduence of temperature and precipitation on the black leg of potato. Jour. Agr. 

Res. 13: 507-513. (Co-author with G. B. Ramsey.) 

The origin and spread of tomato fruit rots in transit. Phytopath. 8: 572-580. 1918. 
Studies -with Macrosporium from tomatoes. Phytopath. 10; 9-21. 1920. 

Correlation between size of the fruit and the resistance of the tomato skin to puncture 
and its relation to infection with Macrosporium tomato Cooke. Amer. Jour. Bot. 7: 
78-82. 1920. (Co-author with Charles E. Sando.) 

Infection experiments on tomato with Phytophthora terrestria Bhevh. and a hot water 
treatment of the fruit. Phytopath. 10: 101-105, 1920. 

A Macrosporium foot-rot of tomato. Phytopath. 10: 415-422. 1920. 
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cumhens, Thujopsis dolohrata, CepJialotaxus dmpacm, Taxus haccata fas- 
tigiata, Taxodmm disticMmiy Sequoia sempervirens, Pseudotsuga taxifolia 
(both Pacific coast and Rocky Mountain types) and Larix europaea. 

For the A group, tests were made with cultures from 15 localities in 
Maryland, District of Columbia, North Carolina, Illinois, and Missouri ; 16 
lines of this group were obtained from single spores. Cultures of the B 
group were likewise studied from 40 localities in Pennsylvania, District of 
Columbia, North Carolina, Illinois, Washington, and Califoimia; 45 lines 
were obtained from single spores. 

Freshly isolated cultures of strains from the A group generally pro- 
duce the characteristic empire-yellow to orange-rufous color and fiaming 
orange crystals in the medium, both of which have been previously reported 
as diagnostic for P. juniperovora on prime or cornmeal agar (5). This 
orange color is also vividlj^ produced in cornmeal plus 2 per cent cane 
sugar (saccharose) agar. Only one strain was found which produced it in 
glycerine agar. On Thaxter’s medium, certain strains produced a wine 
color in the surface growth. On Molisch^s medium the orange color ap- 
peared in the substratum, while the dark grayish surface growth had a 
delicate lilac cast with here and there shadings of green. 

Growth of the strains from the B group on Thaxter’s and Molisch’s 
media, and on cornmeal, cornmeal plus 2 per cent cane sugar and glycerine 
agars, was unaccompanied by the production of the vivid orange-red color 
in the substratum described above. On Thaxter’s medium a pale rose color 
appeared in the surface growth. On Molisch’s medium the surface growth 
was indistinguishable from that of the cultures composing the A group. 
Growth in the B group generally was slightly more rapid, and pycnidia 
commenced to appear somewhat earlier than in the A group. 

As the cultures of strains of both groups age, they become very much 
alike. Abundant pyenidiospores are produced by each group. The out- 
standing cultural characteristics which distinguished the two groups was 
the production of the orange-red color associated with the early growth of 
typical Phomopsis juniperovora. The production of this color also held for 
reisolations of strains of the A group from Douglas fir infected artificially 
with strains of P. juniperovora recently isolated from Junipemis and Cu- 
pressus from North Carolina and Maryland, respectively. Single spore cul- 
tures from red cedar were observed which produced only a bare suggestion 
of the color or lacked it entirely. These strains were classed as P. jumper o- 
mrUy despite the abnormality in the color character, on the basis of their 
origin on a cedar host in a locality where the typical color-producing 
fungus was known to occur. Old cultures were observed to lose gradually 
their ability to reproduce the orange-red color. Continued investigation 
may demonstrate that color production is a variable characteristic. Heald 
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and Stndhalter (9) found that different strains of Stnimella corijneoidea 
Saec. and Wint, in culture showed great variation in the amount and in- 
tensity of dark-brown or black coloration. 

In line with the consideration of color in artificial culture as a variable 
factor, Bottomley (2), in culturing a highly parasitic Phomopsis causing 
blight of seedling Cupressus (G. arizonicay G. maorocarpa, and C. tortdosa 
D. Don) in South Africa, did not obtain the orange-red coloration descrip- 
tive of cultures of P. juniperovora isolated from Ciipressxis spp. in the 
United States. She describes only a greyish-green color and the spores 
oozing from pycnidia in a pale salmon-pink drop. 


MORPHOLOOICAL CHARACTERS 

With regard to the size and shape of their spores, the closely related 
strains of Phoxnopsis differ only slightly from P. juniperovora as earlier de- 
scribed (5), The A and B groups both produced the two types of spores 
known as a and p spores respectively in the same or different pycnidia both 
naturally and under cultural conditions. The a spores were shorter, being 
usually oblong to ellipsoid, or spindle shaped with subacute extremities 
generally biguttulate ; whereas the P spores were longer, filamentous, curved, 
sickle, S-shaped, or hooked at the upper end (5). The measurements 
of the a spores of the Transvaal fungus, as given by Bottomley (2), 
differ only very slightly in shape and size from P. juniperovora. The ques- 
tion therefore comes up as to what influence the particular host may have 
on the size of the pycnidiospores. AVhile Shear, Stevens and Wilcox (15) 
found constant uniformity for the cultural characteristics and size of asco- 
spores for Physalospora malorum and Botryospheria rihes, at the same time 
they admit fluctuation in size of pycnidiospores from different hosts. These 
writers call attention to Paddock ^s (10) observation with regard to the 
variation of the average size of spores of Sphaeropsis malonmi produced on 
different hosts. 

By reason of the slight differences between the two groups, the Pho- 
mopsis strains on conifers, other than those included in group A, may be 
tentatively regarded as strains of P. juniperovora; but, for the sake of 
clearness, the two groups are kept distinct throughout this report. An 
extensive cultural and morphological comparison between P. juniperovora 
and the related strains for the definite determination of the latter is now 
being undertaken, together with an effort to develop a perfect stage. These 
data will be reported later. The results of preliminary artificial inoculation 
experiments with strains from both groups are given in the following 
section. 

KEW HOSTS ISTABLISHED BY ARTIFIGAL IKOOXJLATION 

Cross inoculation experiments have indicated physiological relationships 
between strains of PTiomopsis juniperovora and closely related strains of 
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the B group. Douglas fir, PsetidoUiiga iUxifoUa commonly called Pacific 
Coast, Oregon or Green Douglas fir, has been shown (Table 1) to be a com- 
mon host under artificial conditions, when inoculated with strains of P. 
jitniperovora isolated from Jtinipencs virginicma, Cupressus se 77 iper'virens, 
G, arizo7iica, Cliamaecypciris ohtiisa^ and related strains isolated from Taxus 
iaccata fastigiata^ Taxodium disticMim^ and Pseitdotsuga taxifolia, Pacific 
coast type. Eesults of cross inoculation of Phomopsis strains on various 
other hosts are presented in tables 2 and 3 and in the discussion. 

METHODS OP INOCULATION 

Artificial inoculations were made from April to July by wounding host 
plants from two to fourteen years old. At this time the plants were all 
growing aetiveljL The parts to be inoculated were first thoroughly cleansed 
with a cotton swab and 95 per cent alcohol. A bit of a culture of Phomopsis 
in the pathological greenhouse where the plants were kept in an iceless 
bark with a sterile scalpel. The inoculations were protected by being 
wrapped with raffia and moist cotton. Some of the inoculations were made 
in the pathological grgenhouse where the plants were kept in an iceless 
refrigerator^ for 48 hours after inoculation ; others were made in the plant 
beds out of doors. The latter received only the routine watering which is 
given the out-of-door plants. In all tests control wounds which were made 
on trees inoculated with the fungus or on uninoculated trees were treated 
as just described, with this exception — -a bit of sterile coriimeal agar was 
inserted instead of the mycelium growing on agar. 

RESULTS OE INOCULATIONS 

Infections in young tissue as the result of successful inoculations with 
Pho7nopsis juoiiperovora were commonly found to show signs of spreading 
within five to ten days after the insertion of the inoculum. A typical ter- 
minal or lateral blight resulted. Infections obtained on laterals may extend 
down into the main axis. On stems of larger diameter, cankers formed as 
the result of the fungous extension, which grew slowly, generally involving 
only one side of the branch or main axis and killing one or more laterals on 
that side. Such body cankers which did not become confluent usually be- 
came more or less limited and tended to callus over. Cankers of this type 
showed a definite separating fissure extending into the inner bark along 
the periphery of the canker. Below this cracking of the cortical tissues 
callus tissue formed. The pathological aspects of the blight and canker 
as just described are very similar to those stated by Wilson (17, 18, 19, 20, 

3 Hunt, N. R. The iceless refrigerator as an inocuiatioE chamber. Phytopath. 9; 
211-212. 1919. 
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21, 22) and Alcock (1) for a serious Phomopsis disease on Donglas fir, hem- 
lock, and Japanese larch in Great Britain which is attributed to Phomoixm 
pseiidotsugae Wilson. 

The fungus appears to spread most rapidly longitudinally in the inner 
hark, killing the cambium and staining the wood a brownish color. Very 
small stems, less than one-half inch in diameter, are quickly girdled, the 
parts beyond the point of inoculation dying more rapidly than parts below. 
The lateral extension of the parasite in stems of one-half or more inches in 
diameter is very much slower. In the latter instance the outer bark appar- 
ently offers considerable mechanical resistance to the inroads of the fungus. 

The control wound in no case showed signs of infection but promptly 
healed over. An additional control was provided for the experiments by 
the inoculations of Pestalozzia sp., a fungus which occurs commonly and 
abundantly on dead nursery cedars and conifers generally. Eight inocula- 
tions with the mycelium of Pestcilozzia sp. made according to the method 
just described for P. juniper ovora and related strains, and four controls 
made in the same manner on Cupressiis arizonica remained free from dis- 
ease. These results confirm those obtained by Bottomley (2) wdth a. Pest a- 
lozski sp. on the same host in Transvaal, South Africa. 

The results of the inoculations on Pseudotsuga taxifolia are summarized 
in table 1. As lias been stated above, Douglas fir is a common host for 
all the strains tested, namely those isolated from Juniperns, Ciipressusj 
GliamaecypaHsy Paxns, Taxod>iuni, and Pseudotsuga. The symptoms of the 
disease produced, whether it was on young twigs or on older parts, was 
identical in all cases. The strains of typical Ph oniopsis juniperovora appear 
to be more virulent than the strains of the B group. 

The foregoing inoculations on Pseudotsuga taxifolia, Pacific coast form, 
do not agree with the negative result published for P. juniperovora on this 
host in 1920 (5). This early negative inoculation consisted of a single test 
made in January in the greenhouse on a dormant tree of Douglas fir, of 
the Pocky Mountain type. This tree was the only one available for study 
at the time. 

The results of inoculation experiments on two-year-old Ciipressus ark 
zonica are stated in table 2. The plants used in these experiments were 
exceptionally vigorous. Strains of P. juniperovora from Juniperus, Cu- 
presms, and Gkamaecyparis were extremely pai^asitic upon this host. In- 
oculation results with P, juniperovora isolated from C%ipressus parallel 
those obtained by Bottomley (2) with the Transvaal Phomopsis upon the 
same host. Closely related Phomopsis strains from Taxus and Douglas fir 
produced negative results even when inoculated in very young tissue of 
C, arizonica. 

The results of inoculation experiments with strains of the A and B 
groups on Thuja orienialis are stated in table 3. Stimins from Jxmiperus, 
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Cupressiis, and Oharnaecyparis proved to be highly virnient on this host ; 
Phomopsis strains from Taxiis and Douglas fir failed to infect either very 
young or older tissues. 

Three-year-old plants of Tazodmm disticlium were inoculated with 
strains of Phomopsis juniperovora from Juniperus and Gupressus (group 
A) and a Phomopsis strain from Taxus (group B). The strains of the 
A group were able to infect one- and tAvo-year-old wood of this host; the in- 
fections on three-year old wood became limited and healed over. Of the 
30 inoculations with strains of P. juniperovora, 22 were positive, while 6 
inoculations with a Phomopsis strain from Tarits produced negative results. 
In all cases checks remained uninfected and promptly healed over. 

A single three-year-old plant of Larix europaea inoculated with Pho- 
mopsis ju7iiperovora showed infection within three days after inoculation. 


TABLE 2. — Eesults of inoculation experiments with strains of Phomopsis juniperovora 
and closely related strains on two-year old Gupressus ari^onica 
in the greenhouse 




Phomopsis juniperovora j 

Inocnlations 

Controls*^ 

Host 

No. of 
plants 

Strains of A group 

Source 

of 

culture 

Num- 

ber 

Per cent 
infected 

Num- 

ber 

Per cent 
infected 

Gupressus 

arisonica 

3 

J miperus virginiana 
413690 

single 

spore 

11 

100 J 

4 

0 


2 

Cupj'essus semper- 
vire7is 413720 

spore 

horn 

6 

100 

4 

0 


o 

Chamaeeyparis oh- 
teo 413760 

inner 

bark 

6 

100 

4 

0 


2 

P. taxifolia 41048 A. 
Eeisolation from 
inoculation with 
Gupressus 41041A 

inner 

bark 

7 

100 

3 

0 

Totals 

9 



30 

100 

15 

0 

Gupressus 

arisonica 

3 

Strains of B group 
Taxus haccaia fasti- 
giata 4 103 5 A 

spore 

horn 

9 

0 

1 ^ ' 

0 


3 

T. haceata fastigiata 
41047A 

single 

spore 

9 

0 

i 4 

0 


2 

Pseudotsuga taxifo- 
lia 41045A 

do 

6 

0 

1 3 

J 

0 

Totals 

8 



24 

0 ' 

10 

0 


a Control inoculations were made on 7 separate idants. 
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All the inoculations on this plant were positive; and three checks on the 
same plant remained uninfected. 

Negative inoculation results were obtained with strains of the A, or 
typical Pkomopsis jimiperovora, group on the following : 

Juniper us strict a, 6 inoculations with a strain from Jiinvperus on 2 two- 
year- old plants. 

Picea excelsa, 29 inoculations with a strain from Jimrperus on 5 young 
plants; 8 inoculations with a strain from Gupressus on an eight-year-old 
plant. 

Pinus radiata, 6 inoculations with a strain from Jiiniperus on 2 two- 
year-old plants; 4 inoculations with a strain from Giipressus on 2 two-year- 
old plants. 


TABLE 3. — Remits of immlation experiments with strains of Phomopsis jiiniperovora 
and closely related strains on two-year old Thuja orientalis 
in the greenhouse 




Phoniopsis juniperovoi^a 

Inoculations 

Controls^ 


No. of 


Source 





Host 

plants 

jStrains of A group 

of 

Num- 

Per cent 

Num- 

Per cent 


culture 

her 

infected 

her 

infected 

Thuja ori- 


Juniperus virginiana 

single 





entalis 

3 

413 G9C 

sx)ore 

15 

100 

5 

0 


4 

Gupressus semper- 

spore 







Virens 413720 

horn 

15 

100 

10 

0 


2 

Chaniaeeyparis oh- 

inner 







tusa 413760 

bark 

8 

100 

4 

0 


9 

P. taxi folia 41 048 A. 

inner 







Reisolatioii from 
iiioeulatioii with 
Gupressus ari^on- 
iea 41041A 

bark 

■ i 

12 

i 

100 

4 

0 

Totals 

11 


50 

100 

23 

0 



Strains of B group 






Thuja ori- ' 


Tax us haecata fasti- 

spore 





entalis 

3 

giata 41035A 

horn 

9 

0 

4 

0 


2 ^ 

T, baecata fasUgiata 

single 

i 






41037A 

spore 

s 

0 

3 

0 


2 

Pseudotsuga iaxifo- 

single 






i 

i 

j 

Ua 4 1045 A 

spore 

12' 

0 

4 

0 

Totals 

7 .. 1 



29 

0 

11 

0 


Control inoculations were made on 8 separate plants. 
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P. strohus, 10 inoculations witli a strain from Juniperus on 2 four-year- 
old plants ; 14 inoculations with a strain from Gupressus on 3 three-year-old 
plants. 

P. excelsa, 18 inoculations with a strain horn Juniperus on 3 five-year- 
old plants. 

P, sylvestris, 12 inoculations on the young growth of 2 nine-year old 
plants. 

Negative inoculation results were also obtained with a strain of the B 
group from Taxus on Picea excelsa. Twenty-five inoculations on 4 young 
plants were negative. 

The above-listed negative results for Phomopsis juniperovora on Pimis 
and Piceu parallel other negative results (5) previously obtained on Picea 
parryana (Andre) Parry, P. engelmanni Engelm., Pinus edulis Engelm., 
P. glahr a Walt, and P. taeda Linn. 

FACTORS PREDISPOSING TO PHOMOPSIS ATTACH 

Young coniferous nursery stock is virulently attacked by the cedar- 
blight organism, Phomopsis juniperovora. Field observations have shown 
that it is fully capable of entering and attacking thoroughly healthy trees 
unweakened by other causes. This ability to infect readily young, tender, 
unwounded tissue which has been demonstrated by Bottomley (2) in her 
experiments with a Phomopsis sp. helps to explain the appeax'ance of typical 
cankers on older stock, caused by P. juniperovora and closely related Pho- 
mopsis strains getting into the older tissue of the main stem through the 
infected side laterals (Plate LII). 

Contributory evidence of the parasitic ability of P. juniperovora as a 
nursery-seedling parasite has been brought out by Eathbun-fJravatt in her 
inoculation experiments with damping-off fungi. In one experiment she 
showed that P. juniperovora caused root-rot of pine seedlings (11). She 
not only found that this fungus caused considerable decay of coniferous 
tap roots (12), but also in direct inoculation of coniferous stems evidenced 
parasitic ability (13). P. juniperovora, out of six miscellaneous fungi 
tested, mduding Pestalozzia sp,, a species commonly associated with the 
Phomopsis, was the only one which caused any radicle decay. It also ap- 
peared to cause a decrease in sprouting (14). Hartley (8) and his associates 
in soil inoculations previously found that P. juniperovora did not cause 
damping-off of pine seedlings. The possible reason for this may be the 
inability of the fungus to maintain itself in the soil saprophytically until 
the seed has sprouted. 

During growing seasons when excessive moisture is present the organ- 
ism becomes particularly aggressive, blighting entire beds of seedling stock 
in a very short period of time. In one nursery where the Phomopsis has 
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of irrigation aided appreciably in the control of the disease. The crowding 
of plants in the seedling beds, and heavy shading also increased the loll of 
the disease, making possible moist chamber conditions for the abundant 
propagation of the fungus and rapid dissemination from plant to plant. 

Since there is now abundant experimental evidence that infection takes 
place through wounds, injuries to the trees, no matter how produced, must 
be looked upon as predisposing factors. Transplanting, cultivating, prun- 
ing, in fact mechanical wounds of all sorts may lead to infection by the 
organism. It is not known how much insect injuries have to do with the 
spread of P. jimiperovora. In the grafting process wherein scion stock of 
different horticultural varieties of cedars is used on rootstocks of Jtcmperus 
virginiana, heavy loss from the blight has been experienced, probably due 
to the fact that the fungus may enter through the graft union. 

Undoubtedly the weakening of older trees by unfavorable growth con- 
ditions is likewise a factor for consideration in the spread of blight and 
canker. Ornamental trees, »soine of considerable age, have been found in- 
fected with P. juniperovora and strains of Phomopsis, Cankers from such 
trees placed in moist chamber pmduced Phomopsis spore tendrils in great 
abundance (Plate LIII). 

EXTENT OF THE DAMAGE 

Throughout the Middle West the growing of grafted and seedling 
nursery stock oi Juniperus virginiana, especially the Platte Eiver type, is, 
in certain seasons, seriously affected. A number of nurseries have been 
forced out of cedar growing by the blight. In Alabama the southern type 
of red cedar, Jimiperus Incayanapis reported to be heavily infected. In 
coniferous nurseries in the South where conifer propagation is rapidly in- 
creasing, the successful propagation of ornamental cedars, particularly 
Gupressus and J uniperns, is extremely difficult during certain seasons be- 
cause of damage by Phomopsis, Bottomley (2) has reported the devastating 
effect of a closely related Phomopsis blight in coniferous nurseries during 
certain years in Transvaal, South Africa. 

The injury caused by Phomopsis j%mi'perovora mid the closely related 
strains commonly occurs in ornamental plantings in private gardens, plant- 
ings about public buildings, and city parks. The disease frequently pro- 
duces an unsightly effect in these plantings due to the dead twigs and 
branches which appear among the healthy green ones. Evans (3) reports 
a dying-off disease of Gupressus ma or ocarpa hedges in South Africa due to 
a Phomopsis sp. 

Two localities are known so far where strains of Phomopm* have af- 
fected naturally seedlings of Douglas fir, Pseudoisuga fa-ri/oiiu, Pacific 
coast type, growing in nui'’series, namely, North Carolina and Stabler, Wash- 
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iiigton. In North Carolina approximately 75 per cent loss occurred among 
three-year-old nursery stock. Tendrils of Phomopsis appeared abundantly 
upon the blighted plant parts. Microscopic examination showed both a 
and (3 spores present. The injury consisted of a blighting or death of the 
terminal growth (Pig. 1) or the entire plant was involved (Plate LIV), the 
disease apparently entering the main stem through a short lateral. Where 
the leader had been killed, a lateral usually took its place (Pig. 1). In- 
fected seedlings were observed to be smaller than healthy ones of the 
same age. At Stabler, Wash., the blight affected both low and high alti- 
tude forms, apparently causing a greater damage among the former, 

A Phomopsis strain was also found in Pennsylvania associated with a 
twig blight of 15-year-old Douglas fir, Eocky Mountain form. This damage 
was slight as compared with that observed in the infected nursery stock of 
the Pacific coast form just referred to. In the North Carolina locality it 
was noted that seedlings of the Eocky Mountain form growing close by the 
Pacific coast form were uninfected. Wilson (17,18) describes P. pseudo- 
tsugae as causing damage on the Green Douglas fir, Pseudotsuga douglasii 
Carr. (P. taxifolia, Pacific coast type). He also states that the disease has 
been occasionally found on P. glauca Mayr, Blue Douglas fir (P. taxifolicij 
Eocky Mountain type), and the variety caesia ot P. douglasii (22). A 
recent communication from Dr. J. S. Boyce, who has made a survey of 
the Phomopsis disease of conifers caused by P. pseudotsugae, states, ''P, 
pseudoisugae rarely attacks Blue Douglas fir in England or Scotland, which 
is also true on the Island of Bornholm in Denmark.’’ 

Our knowledge of the extent of the damage due to cedar blight in nurs- 
eries has in the past been somewhat confused due to the fact that disease 
caused hj Phomopsis formeily has been attributed to frost, heat, drought, 
or transplant injury. Wilson (22) described a somewhat similar situation 
for the Phomopsis disease of conifers in the British Isles. 

SUMMAEY 

Phomopsis juniperovora, the fungus causing cedar blight, is now known 
to be a widespread parasite in the United States causing serious damage in 
coniferous nurseries and ornamental plantings. Closely related Phomopsis 
strains have also been found which cause a blight and canker whose symp- 
toms are similar to those of cedar blight. These strains, which have been 
placed arbitrarily in a B group, show certain cultural differences from the 
strains of the typical P. jimiperovora, or A group. For reasons stated in 
the foregoing progress report the members of the B group may be regarded 
tentatively as strains of P. jumper ovora, but for the sake of clearness they 
are considered separately. Twentydwo hosts, 12 of these new, are reported 
for the A group or Phomopsis juniperovora, together with 13 additional 
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liosts for tlie related strains. The A group contains the strains which are 
known to be definitely Pho7nopsis juniperovora isolated from the following 
genera: Juniperus, Gupressus, Thuja, and Chamaecyparis; the B group, 
those from Junipenis, Thujopsis, Ccphalotaxus, Taxus, Taxodium, Sequoia, 
Pseudotsuga, and Larix. Host species of the above genera are listed to- 
gether with species of Abies, Crypiomeria, and Tsuga on which Phomojms 
was found but not studied in culture. 

Preliminary spore measurements of strains of Phomopsis juniperovora 
and related Phomopsis strains show slight differences in the size and shape 
of their a and |3, spores, both of which are produced in abundance by both 
groups. 

Host relationships for Phomopsis juniperovora and closely related strains 
have been established by preliminary artificial inoculations. Strains of both 
the A or typical P. juniperovora group and the related B group are x')arasitic 
on eight-year-old trees of Pseudotsuga taxifolm, Pacific coast form. Strains 
of the former group appear to be most virulent. Strains of the P. jun- 
iperovora group from Juniperus, Cupressus, and Ghamaecyparis were also 
very parasitic on two-year-old stock of Cupressus arizonica nndi Thuja orien- 
talis; negative results were obtained on these two last-named hosts with 
strains of the B group from Taxus and Pse\idoisuga. Positive results were 
obtained on Larix europaea with P. juniperovoi^a tTom. Juniperus. Nega- 
tive results were obtained on both Finns spp. and Picea excelsa with strains 
of the two groups. 

The predisposing factors to cedar blight and canker caused by Phomopsis 
jimiperovora and tO' the similar blight and canker caused by the closely 
related Phomopsis strains are discussed, together with the extent of the 
damage associated with the disease. 

Office OF Forest Pathology, 

Bureau of Plant Industry, 

United States Department of Agriculture, 

■Washington, D. C. 
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Description- of Plates 

Plate LII 

Juniperus virginiana affected with Phomopsis jmiperovora (PP 41046). The 
canker on a 2-year old nursery seedling has girdled the main Btem. Pustules abundant. 
Approximately 1% times natural size. 

Plate LIII 

Phomopsis strain closely resembling P. juniperovora on Taxus haccata fastigiata 
(PP 41035). Moist chambered limbs of large infected tree showing spore tendrils of 
Phomopsis: Natural size. 

Plate LIV 

Pseudotsv>ga taxifoUa, Paeihe Coast type (PP 41045) affected with a Phomopsis 
strain which closely resembles Phomopsis jwniperovora. The entire terminal down to 
the base of the 3-year old nursery seedling was blighted. Spore tendrils of Phomopsis 
appeared on the stems in moist chamber. natural size. 



















A NEW BACTEEIAL DISEASE OP THE BEAN 


WaJjTEe H. Buekholbee, 

During tlie last few years in New York State the diseases^ of hean 
{Phaseolus vulgaris L.) commonly referred to as the bacterial blights have 
been very severe, and have been the chief limiting factor* in the production 
of such varieties as the Eed Kidney. Many acres of this variety have gone 
unharvested owing to the ravages of these diseases. That the severity and 
the rapid spread of the bacterial blights during recent years were due to 
peculiar weather conditions seemed scarcely feasible. It was thought for- 
merly, and with very good reason, that the blights were favored by hot 
weather. The weather in New York State during these recent severe 
epiphytotics has been varied but, for the most part, cool. That certain very 
virulent strains of Phyiomonas phaseoU and Pliyt, fimcumfaciens occurred 
and had spread over the State did seem possible. For this reason, late in 
the season of 1924 many specimens of the disease were collected from vari- 
ous parts of the State, and isolations of the causal organism attempted. 
Some surprise was experienced when, in many cases, it was impossible to 
obtain a yellow bacterium from badly diseased plants. However, a pale, 
colorless to white bacterium always appeared in these instances, and not 
infrequently was found associated with pliaseoli md Phyt. flaccum- 

faciens. The first few plates of the organism were discarded as contami- 
nated, but, upon continued isolation, inoculation experiments were decided 
upon. These first experiments on some 16 Eed Kidney plants immediately 
proved the organism to be pathogenic and quite virulent. This led to a 
careful observation of the disease in the field and in the greenhouse, and to 
a study of the pathogene in the laboratory. 

SYMPTOMS 

The symptoms produced on the bean plant by the pathogene under dis- 
cussion are in the majority of cases not dissimilar to those produced by 
PJiyt. phaseoli and Phyt, flaccumfaciens. In fact it is frequently impos- 
sible to distinguish the three diseases in the field. For this reason it has 
appeared best, when talking to growers, to use the term bacteriah blight to 
cover all these troubles of the crop. The symptoms of this new disease are 
as follows. 

1 Fhytomonas 'phaseoli E. E. S. and Phyt. flaccumfaciens Hedges cause similar 
diseases of the bean in Hew York State. 

915 
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Wilt, A wilt of a portion or of the entire plant may occur, similar to 
that described by the writer ^ due to PJiyt. phaseoli and by Hedges^ due to 
Phyt, flaccimfaciens. The leaves wilt, turn brown and cling to the plant. 
Young pods may wither and fail to produce seed. In young plants the stalk 
dries, becomes moderately thin and topples over. When seedlings are arti- 
ficially inoculated in the greenhouse by pricking the stem, a wilt and death 
of the entire plant may ensue within two weeks. This seedling wilt, how- 
ever, has seldom been observed in the field. A wilt of the mature plant in 
the field, on the other hand, is one of the commonest symptoms. The dis- 
ease in this form may spread over an entire field of Red Kidneys in a very 
short time. This wilt, as well as that caused by the other organisms, is the 
result of the pathogene infecting the vascular system. 

At other times when the bacteria have gained entrance to the vessels and 
conditions are not favorable for a wilting to occur, a distinct dwarfing of the 
plant takes place. 

On the leaves. Probably the most characteristic symptom of this bacterial 
disease occurs on the .leaves of plants affected with the dwarfing described 
above, or on other systemically infected plants showing slight wilting 
symptoms. The younger and top leaves of the plant become mottled with 
pale and dark green areas (Pig. 1). As a rule the darker areas are closer 
to the large veins, and the lighter green areas are between. A crinkling of 
the leaf also occurs. This condition may cover an entire leaf or take place 
to a less degree in spots. This mottling has been found frequently in Red 
Kidney fields and has been mistaken by growers for mosaic, Avhich at times it 
closely resembles. On the White Marrow this symptom even more closely 
resembles mosaic, but can usually be distinguished by the presence of other 
symptoms of this bacteriab disease. 

Necrotic lesions also occur on the bean leaves (Pig. 2) . These spots vary 
in size, from one-half inch in diameter to areas covering the entire leaflet. 
They may be green and wilted at first, but later dry out and become brown. 
Frequently they have a light yellow-green border. The writer has been 
unable to distinguish them from similar spots caused by Phyt, phaseoli and 
Phyt. flacciimfaciens. 

On the stems. Reddish, neerotie lesions extending longitudinally along 
the stem have been observed on plants affected with this disease. These 
lesions may be due to local infections, or may develop from the bacteria 
breaking through to the surface in vascular infections. In the latter case, 
small gray viscid drops have been observed on the lesions. Upon micro- 

2 Burkholder, "Walter H. The hacterial blight of the beau: a systemic disease. 
Phytopath. 11: (U-CO, 1921. 

3 Hedges, Florence. Bacterial wilt of beans (Bacterium flaccumfaciens Hedges) 
mdxicVmg comi^mBom mill Bacterkmi pli^^ Phytopath, 16: 1-22. 1926. 
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scopic examination these have been found to be masses of bacteria, and are 
not unlike those occurring on fire blight lesions of apple and pear trees. 
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When bean plants are inoculated at the cotyledon or leaf node>s by the 
introduction of the pathogene on the point of a needle, a stem girdle not 
infrequently results. In appearance this symptom is identical with that 
due to Phyt. phaseoli No work has been done in the field to determine the 
extent or frequency of the stem girdle due to this recently isolated 
bacterium. 



Pio. 2. Primary leaf of a bean plant whieli was inoculated at the cotyledon node. 

On the pods. The lesions on the pods are not unlike those caused by 
Phyt. phaseoli (PL LV, A). The greatest difference is that they seem to 
spread more rapidly in the field and are probably more water-soaked in 
appearance. When they dry out it is very difficult to distinguish between 
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the two. Individual infections are more or less round, but they anastomose 
and upon drying become irregular in shape, and brick red to brown. The 
spots caused by Phyt. phaseoli frequently have a slight, yellowish incrusta- 
tion covering them, while those due to the white organism have a silvery 
incrustation. It should be stated, however, that the incrustation in both 
diseases occurs on the larger and more severe lesions and then are not long 
lived. They are easily brushed olf. Consequently this character can sel- 
dom be used to distinguish between the two diseases. 

On the seed. Very small spots may occur on the seeds, or the entire seed 
may be practically destroyed. On colored seed it is impossible to distin- 
guish the new disease from the other bacterial diseases of the bean or from 
the small spots due to the fungous pathogene, Colletotrichum lindemuthi- 
amm (Sacc. et Magn.) B. et C. On white seeds the distinguishing charac- 
teristic is the maize yellow to cream color"^ of aifected areas. Seeds severely 
infected are small and wrinkled and may be completely colored by the 
pathogene. 

The bacteria may enter the seed either through the pod or through the 
vascular system. The pathogene undoubtedly overwinters on the seed as 
do the causal organisms of the other two bacterial diseases of the bean. 

ISOLATION 

The organism causing this disease has been isolated a number of times 
from specimens collected in various parts of New York State. It has been 
obtained from infected seeds, from pod spots, from lesions on the leaves, 
and from the interior of stems of systemically infected plants. Where there 
are visible necrotic symptoms of the disease on the plant, the bacteria have 
always been in abundance. Maceration of small portions of lesions in ster- 
ilized water and the use of loops full of this water in dilution plates has 
always yielded the organism. 

In studying the pathogene the writer used three cultures isolated from 
various places in New York State. Two came from Wyoming County, one 
isolated from a Perry Marrow plant and one from a Wells’ Eed Kidney 
plant. The third culture was isolated from a Eed Kidney plant collected 
in Wayne County. No variation was observed in the three. 

morphology 

The pathogene is a small rod with rounded ends, occurring singly or in 
pairs. On beef-extract agar which is somewhat acid long filaments are 
formed (PI. LV, C). The organism stains readily with ZiehPs earbol 

^Ridgeway, B. Color standards and color nomenelature. 44 pp., 53 col. pi. 
Washington, B. C. 1912. 
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fiiehsin, gentian violet, and Loeffler’s methylene bine. With all stains the 
contents of the organism appear to be granular, and very frequently a 
definite bipolar staining is obtained. From a 24:-hour culture on beef-es- 
tract agar (pPI 6.9) the rods stained with carbol fnchsin measure 1 to 3 P' 
by 0.5 to 1.25 m-. 

The organism is actively motile, and on beef-extract agar one single polar 
flagellum has been demonstrated. Capsules have not been found. 

CULTURAL CHARACTERISTICS 

All cultures were kept in an incubator at 27° 0. unless otherwise noted. 

Beef -extract agar stroke (pH 7). Growth is scanty to moderate appear- 
ing in about 24 hours, colorless to white, at times creamy, filiform, with 
smooth, glistening surf ace, translucent. The consistency is at first butyrous, 
but becomes brittle with age. The medium remains unchanged. No odor 
detected. 

Boiired agar plaies. The surface colonies develop at a moderate rate, 
becoming circular and glistening with a zonation about the edge. They are 
somewhat colorless to white and translucent. Their peculiarities may be 
observed in Plate LY, D. 

Beef extract gelatin siad (pH 7). Kept at 20°-21° 0. for six weeks. 
No liquefaction. A good white surface growth was formed, and a feathery, 
arborescent growth along line of puncture. 

Poured gelatin plates. Colonies are slow growing, circular, raised, and 
slightly wrinkled. They are not very characteristic. 

Beef extract 'bouillon (pH 7.1). In beef extract houillon the optimum 
growth is reached at the end of 24 hours. The medium becomes cloudy, and 
a delicate pellicle is formed which breaks up if disturbed. A light precipi- 
tate is produced. 

Litmus milk. A bluish ring appears at the surface of the milk in two 
to three days, and the color gradually extends throughout the medium. At 
the end of two weeks there appears to be a slight reduction of the litmus at 
the bottom of the tube. This whitens somewhat and then tnrns muddy, the 
top half remaining blue. At the end of six weeks no further change takes 
place. 

Potato cylinders. A very scant growth barely visible to the eye is pro- 
duced. Starch is not digested, but the medium is somewhat darkened. 

Starch agai* plates. When tested with iodin solution at the end of 7 
and 14 days no digestion was observed. 

Tlschinsky^s solution. A white turbid growth at first, soon becoming 
yellow green. Color appears first in a layer at the surface of the medium 
and gradually extends to the bottom. Pellicle formed which bi*eaks up, 
leaving a heavy sediment. 
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Permits solution. In 24 hours, growth becomes visible. The medium 
later becomes cloudy and very slightly green in color. A heavy pellicle 
forms, which, upon being disturbed, fails to the bottom. 

Cohn’s solution. No visible growth. 

Dextrose hroth.^ In fermentation tubes the medium becomes slightly 
cloudy in 24 hours. A heavy pellicle is then formed; the growth in the 
open arm becomes very cloudy and gradually extends into the closed arm. 
Acid is noted on the second day but a reaction shortly sets in and the 
medium becomes alkaline. No gas is produced. 

Saccharose Iroth. In the open arm of a fermentation tube growth begins 
in about 24 hours. The medium is slightly cloudy at first with a light pel- 
licle, progressing until it is turbid with a heavy pellicle. A good cloudy 
condition extends throughout into the closed arm. On the second day a 
slight acidity may be detected, but the medium shortly becomes alkaline 
again. No gas is produced. 

Lactose troth. Growth begins in approximately 24 hours, and the 
medium becomes cloudy with a light pellicle. There is no clouding of the 
closed arm, and no acid or gas is produced. 

Maltose troth. A cloudy growth appears in the bowl at the end of 24 
hours. Later a light pellicle is formed. Acid or gas is not produced. 

Nitrate reduction. Nitrates are not reduced. The organism was grown 
in a nitrate bouillon and test made at the end of 4 and 10 days with sul- 
phanilic acid and alpha naphthalamine in 5N acetic acid. 

Hydrogen sulphid production. Stabs were made in a lead acetate agar 
but no blackening or browning of the medium occurred along the line of 
inoculation. Positive results were obtained on this agar with Bad. coli. 

Indol production. Indol was not produced. The medium used was Dun- 
ham ’s solution which had been prepared with a pre-war Witte peptone. 
The Ehrlich test was employed. 

Oxygen relations. The organism grew well in the closed arm of fermen- 
tation tubes in both dextrose and saccharose broth. In shake agar cultures 
of ordinary beef extract agar, colonies were formed 3.5 cm. below the 
surface. 

Longevity. The organism has lived for 12 months on beef extract agar 
kept at a temperature of C. Its virulence has not been impaired. 

Thermal death point tests. Test tubes of a uniform thickness and con- 
taining 10 cc. of a beef-extract broth were used in these experiments. Two 

5 The sugar broths used here were the dehydrated broths obtained from the 
Digestive Uerments Co. They were the ordinary beef-extract broth to which the sugar 
to be tested and Andrade indicator had been added. After sterilization the reaction 
varied with the lot of media prepared from pH 7.3 to pH 7.6. 
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lots ot broth were used at various times having a pH value of 6.9 and 7.0. 
To these tubes were transferred two large loops full of a 24-hour broth 
culture, and the tubes were immersed in a water bath for 10 minutes. The 
water was kept agitated and accurate temperature readings were made 
continuously with a certified thermometer. From a number of such experi- 
ments it was determined that the thermal death point was approxi- 
mately 49° C. 


NOMENCLATURE 

If the above descriptions of the morphology and .cultural characters of 
this organism are examined, it will be noted that they agree remarkably 
well with the descriptions of Phyt. medicagmis Sackett.® Other closely 
related organisms are Phyt. sojae Wolf, Phyt. glycineimi Coerper and Phyt. 
trifoliomm Jones et al. Certain minor differences, however, may be found 
between the alfalfa organism and the bean organism, notably in the reaction 
of the pathogenes on several of the various media used. These are recorded 
in table 1. It must be admitted that these differences are slight and are 
ones which should scarcely be used as specific. In the first few cases they 

TABLE I . — Differences noted l)etween Fhyt. medicaginis and the hean patliogeney 
Phyt. medicagmis var. phaseoUoola 


Phyt. medicaginis 

Flagella 1-4, bipolar 
Nutrient agar becomes tiuorescent 
No acid produced in dextrose broth 
No acid produced in saccharose broth 
No growth in closed arm of fermen- 
tation tubes in the above broths 
Pathogenic to alfalfa 


Phyt. medicagmis var. pliaseolicola 

Flagellum 1, polar 
No change noted 

Slight acid produced in dextrose broth 
Slight acid produced in saccharose broth 
Growth in closed arm of fermentation 
tubes in the above broths 
No infection obtained on alfalfa 


even might be attributed to differences in technique or interpretation. 
When the matter was placed before Dr. W. 6. Sackett, he was inclined to 
consider this organism a variety of Phyt. medicagmis. It should be stated 
here, however, that there was no culture of the alfalfa organism obtain- 
able for comparison. The differences listed in table 1, especially the differ- 
ence in pathogenicity, nevertheless appear sufficiently great to be considered 
varietal. For these reasons the bean organism is treated as a variety, and 
the name is given to it. 

eBachett, Walter G. A bacterial disease of alfalfa. Col. Agr. Exp. Sta. Bui, 
158: 1-32. 1910, 
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TECHNICAL DESCRIPTION 

Phytornonas medicaginis var. phaseolicola n. var. 

Non-spore- forming rods with rounded ends ; occurring singly or in pairs ; 
cells 1.5 to 3 M- by 0.5 to 1.25 on some media forming long filaments; 
motile by means of one polar flagellum ; Gram negative, and not acid fast ; 
when stained with carbol fuehsin or methylene blue showing more deeply 
stained areas which frequently are bipolar; a facultative anaerobe. 

Colonies on nutrient agar, white to colorless, or at times, creamy, slow 
to moderate growing, concentrically ringed with edges undulate; gelatin 
colonies, slow growing, circular, raised, and somewhat wrinkled ; agar streak, 
a moderate growth, colorless to white, flat, glistening, translucent, butyrous 
but later brittle; in nutrient broth a cloudy growth within 24 hours and 
pellicle formed later ; litmus milk becomes an intense blue, but no curd for- 
mation nor peptonization occurs; produces a small amount of acid in dex- 
trose and saccharose, but reverts almost immediately to the alkaline side; no 
acid in lactose or maltose; no gas formed in the above sugars; produces 
neither nitrite nor gas in nitrate media ; does not liquefy gelatin, nor digest 
starch; no production of indol in Dunham’s solution; no hydrogen sulfide 
produced in basic lead acetate agar; in Uschinsky’s solution, a light yellow 
green turbid growth; a slight trace of green in Fermi’s solution; no growth 
in Cohn’s solution; thermal death point approximately 49° C. 

Pathogenic on the common hesm {Phaseohis vulgaris L.) , the lima bean 
(P. lunutus L.), and the scarlet runner bean (P. multiflorus L.). 

INOCULATION EXPERIMENTS 

In conducting inoculation experiments several procedures were used, 
the most usual of which was the introduction of the pathogene into the stem 
by pricking with a needle or sharp-pointed scalpel carrying the bacteria. 
These wounds were inflicted either at the cotyledon or first leaf node. "When 
conducting these experiments in the greenhouse no further care of the plants 
was necessary; that is, they were not placed under excessively moist condi- 
tions for the pathogene to establish itself. Several hundreds of such ex- 
periments were conducted during the last year and a half, and in every 
case excellent infection was obtained, except where varieties more or less 
resistant were used. 

When Red Kidney seedlings were taken as the host plant and the experh 
ments were conducted in a greenhouse held at approximately 80° P., the 
incubation period was about four days. In some of the cooler houses a week 
or so was required for the first symptoms of the disease to appear, and, if 
more mature plants were used, the time was still longer. Good infection, 
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however, occurred at GS*" F., while infection at this temperature with Fhyt. 
phaseoli was exceedingly light, and but moderate with Phyt. ftaccimfaciem. 

When bean pods were inoculated by pricking with a needle bearing the 
pathogene, distinct water-soaked areas about the point of puncture could be 
detected readily within three days. On young pods these lesions spread rap- 
idly and not infrequently involved considerable tissue. A high temperature 
was maintained throughout these experiments. 

That the pathogene requires a wound through which to enter the plant 
seems to be indicated by the following experiments. In one group of ex- 
periments 12 Eed Kidney seedlings were used, and in another group 12 
Ked Kidney seedlings and 5 Eobust pea bean seedlings. These were sprayed 
with a water suspension of the pathogene and held under moist conditions 
over night. In each case several Eed Kidney seedlings were inoculated by 
pricking them at the cotyledon node with needles which had been smeared 
with a culture of the pathogene. These latter became infected, but in no 
case did one of the sprayed plants show symptoms of the disease. At 
another time six Eed Kidney pods were painted with a water suspension of 
the bacteria and two of them pricked with a needle. The disease quickly 
appeared on the wounded pods, but the uninjured pods remained healthy. 
Further experiments, however, should be conducted before coming to any 
definite conclusions on this point. 

VAEIETAL SUSCEPTIBILITY 

While no extensive experiments have been conducted to determine the 
varietal susceptibility of beans to this disease, yet certain observations have 
been made which should be reported. The Eed Kidney, including the Wells ’ 
strain, is without doubt the most susceptible. Whole fields of this variety 
have been destroyed ; and when seedlings are artificially inoculated in the 
greenhouse, over 75 per cent of them die. The White Kidney, too, is prob- 
ably equally susceptible. The White Marrow and the Pea bean are some- 
what more resistant, although they should never be recommended as re- 
sistant varieties. Inoculations in the greenhouse do not, as a rule, com- 
pletely kill them. 

The results of the following experiments indicate that practical resis- 
tance may be found for this disease. Nine seedlings of the White Kidney 
variety, 15 of Scotia, 16 of Eefugee or Thousaiid-to-one, 6 of the Dwarf 
Grenell Eust Proof Wax, and 14 of London Horticultural were inoculated 
by pricking at the first leaf node. At the end of a week all showed unmis- 
takable symptoms of the disease with the exception of Eefugee and Scotia. 
One or two plants of these latter varieties finally showed faint symptoms, 
but all the plants grew to maturity and produced very satisfactory yields. 
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CROSS INOCULATIONS 

A great many inoculation experiments were conducted with Phijt medi- 
caginis var. phaseoUcola on a number of species of plants, mostly legumes, 
to determine, if possible, other hosts for the pathogene. To be sure that 
in all experiments a virulent culture of the organism was being used, Bed 



Fig. 3. Leaf of a lima bean plant showing killing of the veins due to TTiyt, 
medicagi%h var. phaseoUcola infecting the vascular system. The plant was inoculated 
artificially at a lower node on the stem. 


926 


Phytopathology 


[VoL. 16 


Kidney bean seedlings were inocnlated and held under conditions similar 
to those under which the other plants were being tested. Without exception 
these check plants became infected. However, only two other species were 
found susceptible to this pathogene : these were of the genus Phaseokis — the 
lima bean (P. lunaius L.), and the scarlet runner bean (P. mulUflonis 
Willd.). 

On the lima bean the organism is quite virulent, and the disease produced 
is similar to that on the common bean. One symptom, however, in arti- 
ficially inoculated plants was very striking and seemed to be more or less 
peculiar to this species. When the pathogene was introduced into the stem 
of the plant, the bacteria entered the leaves through the vascular bundles 
and there killed the veins in certain areas. These veins turned a very dark 
red to black and gave the leaf the appearance of having been infected by 
the anthracnose fungus. Collet otrichum lindem^thianiim (Pig. 3). These 
diseased areas, however, flag and wilt very rapidly, which is not character- 
istic of the anthracnose disease. 

In the inoculation experiments conducted on the scarlet runner bean 
the disease was much less severe. 

Negative results were obtained with a number of legumes and other 
plants. The list is as follows: The adzuki bean {Phaseolus angularis 
(Willd.) W. P. Wight), the mung bean {Phaseolus aureus Eoxb.), the cow- 
pea (Vigna sinensis (L.) EndL), the soy bean {Glycine max Merr.), the 
broad bean {Vida /a&u L.), the garden pea {Pisum sativum L.), the fiower- 
ing lupine {Lupinus j^olyphylkis Lindl. var. albiflorus Hort.), red clover 
{Trifolium pratense L.), alfalfa {Medicago' sativa L.), potato {Solanum 
tuberosum L.), cotton {Gossypium Mrsutum L.), sunflower {Helianthus 
atimmL.), tomato {Lycopersicon esculentum Mill,) , and tobacco {Nicotiana 
talacumL,), 


SUMMAKY 

1. A severe blight and wilt of the bean in New York State has been dis- 
covered to be due to a hitherto undescribed bacterium which has been given 
the name Phytomonas medicaginis var. phaseolicola, 

2. The symptoms of the disease are described. These are not strikingly 
different from the symptoms of the diseases of bean due to Phyt, phaseoli 
md Phyt. flaccumfadens. 

3. The organism has been isolated from diseased specimens and its 
pathogenicity has been proved. A description of the morphology of the 
pathogene together with its cultural characters is given. 
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4. In addition to the common bean {PJiaseolus vulgaris L.), the scarlet 
runner bean (P. muUiflorus) and the lima bean (P. hmatus L.) have proved 
susceptible. 

Cornell University, 

Ithaca, N. Y. 


EXPLANATION OP PLATE LV 

A. Pods of the Bed Kidney bean showing water-soaked lesions from which Fhyt, 
medicaginis var. phaseoUcola was isolated. 

B. Wilt of two Wells ^ Red Kidney plants due to artificial inoculation of the 
plants at the first leaf node with Phyt. medicaginis var. phaseoUcola, 

C. Photomicrograph of the bacteria from acid beef- extract agar showing filaments. 
Organisms stained with earbol fuehsin. 

D. Colonies of Fhyt. medicaginis var. phaseoUcola on beef-extract agar 14 days 
old. 2 X. 









NET NECEOSIS OP POTATO 


D.Ataintasoff 
GENERAL REMARKS 

Net necrosis of potato was first described by W. A. Orton (10) in 1914 
as follows : ^ ^ It is cliaracterized by the occurrence of narrow streaks or dots 
of browned tissues outside of the vascnlar ring and extending from the stem 
end into the tuber for a considerable distance or entirely through it. These 
brown tissues are free from fungi or bacteria.^’ Orton was not sure of the 
cause of net necrosis. 

The above short but exact description of the disease, to which Orton 
gave the name net necrosis, together with his illustrations, is sufficient to 
enable us to recognize with certainty a little understood, but not uncommon, 
potato disease. 

C. E. Orton (9), in a short note in 1916, described the same disease. 
His illustration of the disease resembles the disease discussed in this paper. 

Giissow (6), also in 1916, writes of this disease as follows: During 
this year a considerable number of potatoes were found on being cut to 
have brownish internal discolorations which at first are arranged in the 
form of a ring, but later on become quite irregular in their distribution. 
These discolorations correspond to the vascular bundles . . Giissow 
observed that the disease begins at the stem end and gradually travels along 
the vascular bundles towards the eye-end, turning the tissues brown as it 
proceeds. He did not find any bacteria or fungi associated with the dis- 
ease. The disease is distributed over a wide area, having been observed in 
New Brunswick and British Columbia. In planting tubers showing net 
necrosis, Giissow was surprised to find that in almost every ease the disease 
was hereditary, Le., it was transmitted to the new tubers. 

Coons (3) writes of net necrosis; “The blackened flesh is free from 
parasitic organisms and the disease is believed to be of some such nature as 
mosaic or leaf roll.^’ This is the first mention that net necrosis is a virus 
disease, although Giissow 's experiments suggest this. Cook (2) and Jones 
et ol. (7) also state that net necrosis is inheritable from generation to gen- 
eration. 

Schultz and Folsom (13, 14, 15) were the first to make a study of net 
necrosis. They write (13) that “in Maine net necrosis has been consistently 
accompanied by leaf roll. It may be that net necrosis, a tuber phloem- 
necrosis, is caused by the same virus as is leafroll or phloem-neerosis. ’ ^ This 
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hypothesis, they write, explains the available facts and explains them at least 
as well as does the assumption that the two diseases are caused by different 
viruses. According to them ‘^net necrosis is apparently a leaf roll symptom, 
being a discoloration which results from tuber phloem-necrosis and which 
appears more often as conditions of variety, recency of infection, and weight 
of tuber are more favorable. It develops in the dormant tubers wdthout re- 
lation to differences in the storage temperature. When it occurs as a symp- 
tom of leaf roll, the effects of the latter are still more detrimental, one being 
a decided spindliness of the sprouts. Transmission and control of leaf roll 
are thus concerned indirectly with net necrosis and spindling-sprout.’’ 

Gilbert (5), two years later, also came to the conclusion that ''Net 
necrosis . , . is definitely and closely correlated with spindling-sprout of 
the tuber and with leafroll of the plant.” This has become meanwhile the 
prevailing opinion among plant pathologists. 

Murphy and McKay (8), on the other hand, write: "Much emphasis 
has been laid in America on the relationship of leaf -roll to net necrosis, 
that is, the presence of fine net-like strands of dead tissues in the neighbor- 
hood of the vascular ring. This feature was not found to be by any means 
invariably associated with leafroll.” 

Anderson and Millar (1), in an anonymous paper, \vrite also: "Amer- 
ican observers state that the tubers of plants affected with leafroll fre- 
quently show net necrosis — ^tlie presence of fine net-like strands of dead 
tis.sue in the outer part of the flesh of the tuber — associated with a spindling 
itondition of the sprouts, but these features have not been found in. Scotland 
to be symptomatic of leafroll.” 

The evidence gathered by the writer during the last three years regard- 
ing the nature of net necrosis is entirely contradictory to the results ob- 
tained by Schultz and Folsom and later also by Gilbert. It shows conclu- 
sively that net necrosis, as described and illustrated by W. A. Orton, is not 
a tuber symptom of leafroll, but that it is a different disease, which attacks 
the potato plant independently of leafroll. It is not a disease of the tuber 
alone but manifests itself in various ways also on the leaves of the affected 
plants. The leaf symptoms of this disease vary, according to variety, from 
what has been described by Quanjer (11, 12) as Aucuba mosaic to complete 
absence of Aucuba mosaic or development of Aucuba mosaic symptoms only 
at the beginning or at the end of the growing period. 

DESCRIPTION OF THE DISEASE 

Plants infected with net necrosis grow normally, are vigorous, attain 
normal size and show no morphologic changes whatever. Their yield is 
good. No apparent running out of the infected plants takes place even as 
far as the fourth generation after infection. 
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The symptoms of net necrosis vary considerably according to the variety. 
Some of the symptoms may be entirely absent in some varieties and very 
pronounced in others. 

Leaf symptoms. In some varieties the leaf symptoms of net necrosis 
form what has been described by Quanjer (11, 12) and later by others as 
Aucuba mosaic of the potato plant. The affected plants and their leaves are 
as normal and as vigorous as healthy plants of the same variety. The leaves 
of such plants, however, are sprinkled or spotted with more or less rounded, 
bright yellow spots (Pig. 5). These spots are of considerable size, as 
large as one centimeter in diameter in some varieties (Midlothian Early) 
and very small in others. Often they coalesce, forming large, irregidar, 



Fig. 1. Aslileaf tubers showing slight net necrosis. Busty spots scattered irregu- 
larly all over the tubers. 


yellow blotches on the leaves. When some of the older, fleshy leaves are 
heavily spotted, they preserve their normal shape but become blistered, i.e,^ 
the yellow areas become slightly elevated above the normal green portions 
of the leaf. In the varieties Schotsche Mnis (Midlothian Early, Duke of 
York), Koksiaan (May Queen), Paul Kruger (President), Ninetyfold, etc., 
the leaves can be so severely spotted as to resemble closely the variegation 
of Aucuba japonica — hence Quanjer^s name Aucuba mosaic for this disease. 
In other varieties the yellow spotting of the leaves is much less pronounced 
and may be limited to only a few of the leaves of a plant. Such are the 
varieties Immune Ashleaf, Eigenheimer, Industrie, Bintje, etc. But in 
these varieties, also, the yellow spotting becomes more pronounced towards 
the end of the growing period. Other varieties, as Roode Star for instance, 
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show very slight yellow spotting and blistering of the lower leaves. In this 
case the yelloAV spotting resembles superficially slight frost injury. The yel- 
low spotting of this variety, however, soon disappears or becomes less pro- 
nounced. On some of the affected leaves the yellow spots become brown and 
necrotic, and the browning soon extends over the top and edges of the leaf, 
advancing downwards until the whole leaf dies and falls off prematurely. 
Still other varieties, as Succe.ss, do not show any yellow spotting whatever 
in any stage of their development. In such cases the young plants of 
affected mother tubers come above the ground quite normal and absolutely 
free from any disease symptoms. Before the plants reach any size, however, 
there appear on the tips and edges of their lower leaves irregular browm to 
black spots as in the case of mature secondary leafroll plants. The brown 



Pig. 2. Aslileaf tubers showing severe symptoms of net necrosis. Note that some 
tubers are wholly destroyed and are being invaded by fungi. 


spots grow in area, coalesce and gradually extend over the whole upper por- 
tion of the leaves. These affected leaves thus shrivel, die, and fall off pre- 
maturely, disclosing the base of the stems. The uppermost leaves of such 
plants remain permanently free from any pathogenic changes. Finally 
there are varieties, like Bravo for instance, on which leaf symptoms have 
never been seen. 

Of the numerous plants belonging to a large number of different varieties 
artificially and naturally infected with net necrosis, none ever showed any 
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leafroll symptoms, altliough. all varieties used are known to be susceptible 
to and capable of developing pronounced symptoms of leafroll when in- 
fected with this disease. 

Tuher symptoms. The tuber symptoms of net necrosis also vary accord- 
ing to variety. They are most pronounced and develop most rapidly in the 
early varieties, Schotsche Muis (Midlothian Early) and Ashleaf (Fig. 2). 
In most varieties the tuber symptoms are absent or only slightly developed 
at the time of digging. It is in the storage houses and during the winter 
that the tuber symptoms of net necrosis, if ever, become apparent and reach 
maximum development. The early varieties, however, show" distinct net 
necrosis of the tubers at the time of lifting, which may be as early as the 
beginning of June. In these varieties the necrosis of the tubers increases 
with great rapidity, and within two months after lifting the entire sub- 


Fig. 3. Koode Star tubers showing net necrosis. Note that the brown spots first 
appear at the rhizome-end and advance gradually towards the eye-end of the tuber. 


stance of some tubers may become wholly brown and necrotic (Pig. 2). 
Long before this stage the tubers have become unfit for consumption. In 
the varieties Midlothian Early and Ashleaf the tuber necrosis may develop 
very rapidly and destroy completely some of the infected tubers, while other- 
tubers originating from the same plant may show only slight necrosis, which 
does not develop further. Such tubers remain alive until spring and serve 
for further propagation of the disease. Freshly dug tubers of the above 
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two varieties, when fully ripe, will show, upon careful examination, more 
or less pronounced rusty brown spots deep under the periderm in the flesh 
of the tuber. Gradually these rusty spots extend upwards against and 
along the periderm, forming large rusty brown, watery blotches under the 
periderm which later become dry. Soon the periderm dries out and begins 
to shrivel or sink in over the necrotic area. This condition of the diseased 
tuber, as well as the other symptoms, resembles very much the symptoms 
of Phytophthora tuber infections, and there can be no question but that the 
tubers infected with net necrosis have often been considered as being in- 
fected with Phytophthora. 

Potato tubers affected with net necrosis, when cut open longitudinally, 
show very pronounced rusty brown blotches, spots, or streaks in the paren- 
chyma. 'in some varieties (Roode Star) the first rusty spots appear in the 
parenchyma tissues immediately under the rhizome sear of the tuber (Fig. 
3) and extend gradually inward and upward to-ward the eye end of the 
tuber. In other varieties (Midlothian Early, Ashleaf) the necrotic spots 
may appear in any portion of the tuber (Pigs. 1 and 2), but very seldom 
or never at the stem end. In both ca.ses the rusty spots appear outside of 
the vascular ring in the parenchyma of the tuber, as first stated by W. A. 


Pio. 4 . Photomicrograph of a section of potato tuber of the variety Koode Star 
infected with net necrosis. 
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Orton (10), and have no relation to the phloem, as claimed by Schultz and 
Folsom (13). This difference in symptoms of net necrosis, as studied by 
Schultz and Folsom on the one hand and by Orton and the writer on the 
other hand, may be due to the fact that different varieties react differently 
to the disease. It also- may be due to the fact that Schulz and Folsom’s net 
necrosis material was infected also with leafroll. The presence of the latter 
in the tubers, as is known, may lead to the development of phloem necrosis 
in some cases. The probability that Schultz and Folsom have -worked with 
an entirely different pathologic condition of the potato tuber than the one 
observed by Orton and the one discussed in this paper is very small. The 
illustration of net necrosis shown in Plate 2B of the paper by Schultz and 
Folsom (13) agrees completely with the net necrosis described and illus- 
trated by Orton (10) and illustrated in this paper by the variety Koode 
Star. 

Microscopic examination of the tubers before the appearance of macro- 
scopic symptoms of the disease shows that the cell contents of individual 
cells or small groups of cells in the tuber parenchyma are brown colored 
and disorganized. The browning extends gradually to the neighboring 
cells and becomes visible to the unaided eye. The number of spots increases, 
and some of them coalesce, forming a network (Fig. 4). Such tubers, 
when planted, give rise to large and vigorous plants. 

EXPERIMENTAL RESULTS 

During the spring of 1922, after the appearance of Schultz and Fol- 
som’s paper (13) in which they claimed that net necrosis is a tuber symp- 
tom of leafroll, many hundreds of tubers from leafroll plants belonging to- a 
large number of different varieties were cut and examined under the direc- 
tion of Professor Quanjer, but in no case was net necrosis to be seen. At 
the same time there were at the writer’s disposal several bushels of tubers of 
the variety Success and several hundred tubers of the variety Ashleaf origi- 
nating from nonleafroll plants, which had almost 100 per cent net necrosis. 

The disease present in this material closely resembled the Phytophthora 
tuber infection. A considerable number of the tubers were cut open and 
left in a moist chamber for several days, but in no case did any Fhytophthora 
develop on them, as is usually the ease with tubers infected with this fungus, 
A number of the infected tubers of both varieties were planted to see 
whether they w^ould show any leafroll symptoms. In all cases the tubers 
gave rise to vigorous and leafroll-free plants. Since 1922 a portion of the 
Ashleaf material has been planted every year by the -writer, and in all cases 
the plants have been free from leafroll ; but in all seasons they showed more 
or less pronounced Aueuba mosaic on the leaves and net necrosis in the 
tubers. 
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Pig. 5, Potato leaflets of tlie Taxiety Midlothian Early shoT?;ing Ancuba mosaic. 


Early in 1924 Dorst (4) published his work on bnd variation in the 
potato plant, in which he reported that a selection of the variety Roode 
Star, contrary to^ the general experience, developed internal brown spot on 
all soils. Doi'st gave several tubers of this selection to Prof. Quanjer, who 
turned them over to the writer for further investigation. Examination 
showed that it w^as not affected with internal brown spot, but with net 
necrosis. When a portion of this material was grafted to- healthy tubers of 
Midlothian Early, the necrotic condition was transmitted to the grafted 
healthy tubers. The rest of the material was planted on heavy clay soil, 
on which internal brown spot has never been seen in Holland. The result- 
ing plants grew normally, showed no leaf roll, but slight temporary symp- 
toms of Aucuba mosaic. Their tubers developed net necrosis after lifting 
in all cases. While the above plants were still young and growing vigor- 
ously, their shoots were grafted on young Midlothian Early plants. The 
grafted plants were kept isolated in the hothouses and were fumigated regu- 
larly to keep them free from aphids. These plants did not develop distinct 
Aucuba mosaic symptoms. Their tubers, however, showed veiy severe net 
necrosis, while those of the check plants were free from net necrosis. The 
absence of Aucuba mosaic symptoms on the grafted plants is due to the fact 
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that the plants were not growing normally in the hothouse. Net necrosis 
tubers planted during the spring of 1925 in the hothouse also failed to show 
Aucuba mosaic in a distinct form, although the same material planted out- 
side gave rise to- plants which showed distinct Aucuba mosaic. 

In the fail of 1924 the writer received from Dr. Oortwijn Botjes several 
hundreds of disease-free tubers of the variety Roode Star. Upon examina- 
tion all tubers without exception were found to be affected with net necrosis. 
Dr. Oortwijn Botjes had also observed that the tubers of this lot had rusty 
brown spots at the rhizome end, but he, like many others, considered this 
due to PliytopMhora, Although all this material was infected with net 
necrosis, it originated from plants that had been grown isolated from other 
plants for several years and which had never shown any symptoms of any 
of the degeneration diseases. This material, therefore, seemed especially 
suited for infection experiments, because it could be taken for granted, ac- 
cording to experience with the disease-free potato seed furnished by Oort- 
wijn Botjes, that it was free from other virus diseases as leaf roll, mosaic, etc. 

The first step in the study of this, as well as of the other, net necrosis 
material was to, establish \yhether the tubers showing net necrosis, give rise 
to leaf roil plants when planted. Twenty tubers of the Roode Star mateidal 
showing net necrosis w^ere planted on light sandy soil. The resulting plants 
were normal and vigorous, and none of them showed any leafroll symptoms 
whateA-er. Several hundred tubers of the same lot Avere planted in a second 
field on heaAy clay soil. They also gave rise to normal, and absolutely leaf- 
roil-free plants. 

Ten tubers of the same material, showing net necrosis, Avere grafted early 
in February, 1925, Avith tubers of the Amriety Paul Kruger (President), 
originating from leafroll plants. The grafted tubers Avere incubated lor 
tAVO months, at room temperature. The Paul Kruger tuber portions Avere 
then removed and the net necrosis portions planted out of doors. Seven of 
the ten tubers thus treated developed, within a short time, typical and very 
pronounced symptoms of secondary leafroll. This experiment shows con- 
clusively that net necrosis is not a tuber symptom of leafroll. 

In order to see the effect of net necrosis on different potato varieties, ten 
disease-free tubers of each of the varieties Bravo, Midlothian Early, Bigen- 
heimer, Immune Ashleaf, Bintje, May Queen, Industrie, and Success were 
grafted early in February Avith Roode Star tubers affected with net necrosis. 
The grafted tubers Avere kept at room temperature for about 50 days and 
Avere planted March 27 on sandy soil well fertilized with artificial fertiliz- 
ers. Ten tubers of the naturally infected Roode Star from Oortwijn Botjes 
Avere also planted Avith the above varieties. All tubers gave rise to normal 
and vigorous plants. All Roode Star plants from the naturally infected 
tubers shoAved slight Aucuba mosaic symptoms AvRile still young. HoAvever, 
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gradually all Aucuba mosaic symptoms disappeared completely. Meau- 
wiiile some of the loAver leaves became rusty and died. This, liowever, does 
not attract much attention and is never very distinct in this variety. 
Towards the end of the growing period the same plants were normal, large, 
and vigorous. Such plants Avould be considered as perfectly healthy. This 
explains Avhy Dr. Oortwijn Botjes’s whole stock of this variety Avas 100 per 
cent net necrosis. 

The variety Bravo in this experiment showed no leaf symptoms. All 
ten plants Avere normal and free from any disease symptoms. 

The variety Midlothian Early (Schotsehe Muis), on the other hand, de- 
veloped in all ten plants very pronounced Aucuba mosaic on the leaves, 
Avhich became more and more pronounced during and toAvards the end of 
the growing period. At this time most of the riper tubers shoAved distinct 
necrosis as described for this Amriety. The rest of the tubers in all cases 
later developed net necrosis. The cheek plants of this variety, more than 
50 in number, did not shOAV any Aucuba mosaic, and only four per cent of 
their tnbers developed net necrosis in storage. 

All ten plants of the variety Eigenheimer shoAved Aucuba mosaic, but 
the symptoms AA^ere less pronounced and usually limited to a feAV leaves of 
each plant. Here also the plants grew normally and were very vigorous. 
The check plants of this variety AA^ere also free from Aucuba mosaic. 

The ten Immune Ashleaf plants also showed distinct Aucuba mosaic, 
slight at first but later pronounced. Here, however, the yelloAV spots AA-ere 
not bright yellow, as in Midlothian Early, but more of a yelloAvish green 
tint. The cheek plants did not show any Aucuba mosaic. 

Ail ten plants of the variety Bintje shoAved Aucuba mosaic. The yelloAV 
spotting, although quite distinct, was not pronounced at first, but became 
more and more so toward the end of the growing period. Here also all 
check plants remained healthy. 

The ten May Queen (Koksiaan) plants behaved as the Bintje plants. 
The check plants remained free from Aucuba mosaic. 

The Industrie plants at an early stage showed distinct Aucuba mosaic 
symptoms, consisting of numerous very small, often coalescing yelloAv spots, 
most common and numerous at the tips of the uppermost leaflets of the loAver 
leaves. Gradually the tips of these leaves became rusty. The necrotic spots 
or rustiness gradually spread over the whole leaf, extending after a time to 
the leaves higher up on the stem. The check plants remained free from 
Aucuba mosaic. 

The Success plants came up above the ground normal and vigorous and 
remained for some time absolutely free from any disease symptoms. Gradu- 
ally during the growing period, there appeared on some of the ioAver leaves 
more or less numerous, small, rounded, yellow spots, followed by necrotic 
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spots. The tops of all ten plants remained normal and free from any dis- 
ease symptoms until the end of the growing period. 

The relation of Aucuba mosaic to net necrosis Avas apparent at a A’^ery 
early date. At first, however, it Avas thought that the appearance of Ancnba 
mosaic on plants from tubers aifected Avith net necrosis might be incidental, 
as appeared to be the ease Avith leaf roll in Schultz and Folsom’s AAmrk. The 
constant appearance of Aucuba symptoms on plants from many hundreds 
of net necrosis tubers from fiiA^e difierent sources, and of four different Amrie- 
ties, made it quite improbable that the occurrence of the two diseases on the 
same plants is incidental. 

In order to check the aboA^e results, ten healthy Midlothian Early tubers 
Avere grafted Avith ten tubers of the variety May Queen (Koksiaan), originat- 
ing from plants showing pure Aucuba mosaic. The latter Avere taken from 
Prof. Quanjer’s collection of virus disease in pure form, from the material 
which had serA^ed for the description of Aucuba mosaic. 

The grafted tubers Avere kept for 50 days at room temperature and Avere 
planted on March 23 in av ell fertilized sandy soil. All plants dev^eloped 
pronounced Aucuba mosaic symptoms. During the second half of June 
the tubers of all the ten plants shoAved more or less severe, but in every case 
distinct, net necrosis Avhen lifted. The neighboring roAV of check plants 
shoAved no Aucuba mosaic and no net necrosis in the tubers. 

This experiment shoAvs that even the supposedly pure Aucuba mosaic 
material used by Quanjer for the description of, and infection work with, 
this disease transmitted net necrosis to the healthy plants. 

SUMMARY 

Net necrosis is a tuber symptom, not of leaf roll, but of Aucuba mosaic. 
Spindling sprout, supposed by some to develop on those potato tubers 
affected Avith leafroll and Avith net necrosis, has no relation to leafroll. 

InSTITUUT VOOR PhYTOPATHOIjOGIE, 

Wageningbn, Holuand, 
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BIOCHEMISTRY OP PLANT DISEASES VIII 
ALCOHOLIC FERMENTATION OP PUSARIUM LINE 

Houston Letcher and J. J. WillxVman 
INTRODUCTION 

As a coiitinuatiorL of earlier work by Anderson (2) from this laboratory 
on the biochemistry of Fusarnwi Uni, a brief study has been made with 
regard to alcohol production by the organism. The four principal objects 
of the present work were the following: (a) to determine the time required 
for maximum production of alcohol by the organism; (b) to ascertain the 
alcohol production on different types of saccharine media; (e) to measure 
the alcohol production of several cultures of the organism, and to correlate, 
if possible, alcohol production with pathogenicity; and (d) to identify any 
reaction product>s of the metabolism of the organism, other than alcohol and 
carbon dioxide. 

With regard to alcohol production by Fitsariim Imi, Andenson (2) 
reported a value of 3.44 per cent by weight, and that approximately the same 
percentage of alcohol was toxic to the fungus when cultured on it. This 
led to the conclusion that the fungus produced alcohol to the point where 
the concentration became toxic and then used the alcohol so formed as a 
source of food. Various workers have studied the alcohol production of 
numerous organisms, but Fumrimi Uni is unique in producing alcohol not 
only from hexoses but from pentoses as well. 

In the course of the present work it was found that Fusarkm Uni gave 
qualitative tests for acetaldehyde as one of its metabolism products. 
Neuberg and his associates (6, 7, 8, 9, 10), using CaSOs and NaaSOg as fixa- 
tives [of. Connstein and Luedecke, Ger. Pat. No. 298593/12o. 1915], 
showed that acetaldehyde was an intermediate compound in fermentations 
by bacteria and by yeasts. 

EXPERIMENTAL METHODS AND MATERIALS 

Soiirce of Fusarkm Uni used. The cultures of P. Uni used in the pres- 
ent investigation were obtained from the Division of Plant Pathology, Uni» 

1 Pul>lislied witli the approval of tlie Director as Paper No. 626, Journal Series, 
Minnesota Agricultural Experiment Station. The paper is abridged from a Master’s 
thesis hj the senior author in the University of Minnesota, 1925. 
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versity of Minnesota, tlirongh the courtesy of Dr. Louise Dosclall and Mr. 
W. O' Broadfoot*^ 

Preparation of media. The composition of the different media are speci- 
fied in subsequent paragraphs. In general, the media were autoclaved at 
10 pounds pressure for 20 minutes. One hundred cc. of liquid were used 
in a 300-cc. Erlenmeyer fl.ask. 

InocuMion. The experimental cultures were inoculated by using small 
bits of mycelium from well developed stock cultures on liquid media. 

IncuhaUon. Culture flasks were kept in incubators at a temperature of 
26" to 28° 0. 

Culture media. Sucrose, 8 and 12 per cent, was used in the following 


salt-peptone solution: 

Monopotassium phosphate 1.00 gm. 

Magnesium sulfate 0.25 

Ferrous sulfate 0.10 

Peptone 7.50 

Water to make one liter. 


Maltose syrup. — The original syrup of Brix reading 60 was diluted until 
a reading of 7.6 was obtained. 

Corn vStalk syrup. — This material was prepared at the Minnesota Experi- 
ment Station in 1921, The syrup was diluted to a Brix reading of 11.2. 

Beerwurt. — This material was furnished through the courtesy of the 
Minneapolis Brewing Company, Both the original wort of Brix reading 
18.45 and diluted portions of Brix 8.0 were used. 

Glucose, 8 and 12 per cent, was used in the following salt medium : ■ 

KH^PO, 0.50 gm, 

MgSO^ 0.25 

NH,N 03 .1.00 

Water to make one liter. 

The glucose used was the commercial ^^Cerelose.” 

Molasses. — A commercial brand of light New Orleans molasses was 
diliited to the desired densities. 

^^Black liquor ’’ from paper mill— This material was from the North- 
west Paper Company, Cloquet, Minnesota. It was classified as ^MCeebra 
black liquor from tamarack cook’’ and had a Brix reading of 34.2. A por- 
tion of the liquor dialyzed in a hardened collodion bag for a week w^as also 
used. 

sBroadfoot’s results on the cultural characters and pathogenicity of these cultures 
are given in a separate article in this number of Phytopathology (Phytopath. 16: 951- 
978, 1926), 
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Alcohol determination. One Imndred cc. of culture medium was filtered 
tlirougli cheeseclotli to remove the mycelium, and the felt was then pressed 
as dry as possible to remove adhering liquid. Fifty cc. of distilled water 
was added to the filtrate and the mixture placed in a 1,000-cc. flask con- 
nected to a straight tube condenser. The first 100 cc. of distillate Avere 
collected and the alcohol in it determined by the specific gravity method, 
using a ehainomatic specific gravity balance. 

Qualitative and quantitative tests. The following tests w^ere used on 
the distillates to determine acetaldehyde, acetone, and alcohol : 

Acetaldehyde — Tollen''s reaction, according to Mulliken (5). 

Sehifi’s test, according to AVeston (12). 

The semi-carbazone reaction, as given by Weston 

( 12 ). 

Beta-naphthol test, according to Mulliken (5). 

NaOH test, according to Mulliken (5). 

Fehling’s reaction, according to Allen (1). 

Bisulfite precipitation method, originally devised by 
Eipper and listed by Kingscott and Knight (4)'. 

Piperidine test, according to Neuberg (6). 

Acetone — According to method of Billow (3). 

Alcohol — Iodoform, according to the method of Allen (1). 

EXPERIMENTAL DATA 

Alcohol Production hy two Cultures of Fusarium Uni 

Forms 7 and 2 were groAAn on the media shown in tables 1 and 2. The 
flasks of this series were removed from the incubators at the end of 5, 10, 
15, 20, 30, and 40 days and the alcohol determinations made in duplicate. 
The data are pi^esented in tables 1 and 2 and in figures 1 and 2. It is 



Pig. 1. Production of ethyl alcohol by form 7 of Fusarium Uni on various media. 
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TABLE 1. — Alcohol production l)y Fusarium Uni, form 7 


- ■ ~ 


Age of cultures in day 

'S 


Media 

5 1 

10 

15 1 

20 1 

30 1 

40 



Alcohol production in per cent 


Sucrose (S per cent) 

1.03 1 

1.07 

0.40 

1.13 

1 1.33 

1.30a 

Sucrose (12 per cent) 

1.09 

1.31 

0.67 

0.80 

1.58 

2.02 

Maltose (Brix 7.(5) 

0.23 

0.73 

0.43 

0.70 

, 0.67 

0.53 

Corn syrup (Brix 11,2) 

0.57 

0.70 

1.71 

! 1.44 

0.70 

0.04 

Beer wort (Brix 8.0) 

0.67 

0.63 

0.53 

1 0.73 

1.13 

1.06 

Beerwort (Brix 18.45) 

0,53 

1 ■ 

1.30 

1.18 

0.93 

0.97 

0.77 


aAlcoliol deteminatioii after 45 days, 

apparent that both cultures produce appreciable amounts of ethyl alcohol 
on all the media : that a maximum is not attained before 20 days or more ; 
that this maximum is usually followed by a decrease ; and that form 2 pro- 
duces more alcohol than form 7. After 10 to 20 days practically all of the 
cultures had an alcoholic odor, and in the ease of the corn stalk syrup cul- 
tures the odor was very similar to that of a cider fermentation. The growth 
of the mycelium was much the same for all the cultures after 20 days, since 
by that time the mycelium had covered practically all of the available liquid 
siirfaee and from then on there was an increase in depth of the felts. The 
good yield of alcohol by form 2 on corn stalk syruf) suggested the use of 
this culture on the syrup in an effort to increase the alcohol and to furnish 
material for identification trials. 


TABLE 2. — Alcohol protluction hy Fiisarium Uni, form 2 

Age of cultures in days 


Media 

5 

10 1 

15 1 

20 30 

40 


Alcohol production in per cent 

Sucrose (8 per cent),....,.. 

0.57 

0.90 

0.00a 

1.72 1.13 

1,00 

Sucrose (12 per cent) 

0.53 

1.51 

2.50 

3.27 ; 3.24b 

2.05 

Maltose (Brix 7.6) 

0.50 

.. 1.68 

0.97 

1.44 i 0.66 

1,19 

Coni syrup (Brix 11.2) 

0.77 

3.17 

3.52 

3.34 . 2.22 

2.19 

Beerwort (Brix 8.0) 

0.40 

1.10 

1.33 

0,67 i 1.40 

1.03 

Beerwoit (Brix 18.45),..,..,, 

0.63 

1.23 

1.95 

1.47 I 2.68 

2.61 

Glucose (8 per cent) 

0,46 

1.23 

2.40 

2'.47 i 1.07 

O.SO 

Glucose (12 per cent) 

0.50 

1 0.93 

1.95 

2.64 1 3.31 

2.99 


growth of mycelium. 

^ Alcohol determination after 25 days. 
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Fig. 2. Production of ethyl alcohol by form 2 of Fusarimi Uni on various media. 

Alcohol Production hy Nine Cultures of Fusarium Uni on Molasses 

To determine the differences in alcohol production among several cul- 
tures of Fusarnmi Uni on a single medium, 108 flasks were prepared, using 
molasses of Brix reading 11.8 to 12.1. The flasks were incubated from 5 to 
30 days, and every fifth day two samples in each series were removed from 
the incubators for alcohol determinations. The results are given in table 
3 and in figure 3. 

Forms 6 and 9 form a group with a relatively low alcohol production, 
while the others yielded high percentages of alcohol. Table 3 gives data 



Pig. 3. Production of ethyl alcohol by various forms of Fusarium lUii on a molasses 

medimn. 
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TABLE 3 . — Alcohol producticm hy forms of Fusarium Uni on molasses 


Form 

used 

Bank in viru- 
lence on liost 

Bank in alco-- 
hoi produc- 
tion at 20 
days 

Age of cultures in clays 

5 

10 1 

16 

20 

25 

30 


Alcohol production in 

per cent 

1 

1 

6 

0.53 

0.70 

1.37 

1.44 

‘ 1.98 

2.85 

■ 2 

2 

3 

0.57 

1.13 

1.C8 

1.92 1 

2.33 

2.71 

3 

3 

4 

0.30 

0.90 

1.92 

1,92 ^ 

2.29 

2.99 


4 

2 

0.70 

1.23 

1.92 

2.43 

2.85 

2.71 

5 

5 

5 

0.43 

1.20 

1.57 

1,72 

2.61 

2.78 

6 

6 

7 

0.30 

0.53 

0.60 

1.17 

0.83 

1.24 

7 

7 

1 

0.50 

1.23 

2.06 

2.S0 

2.77 

2.75 

9 

8 

8 

0.23 

! 

0.40 

0.43 1 

j 

0.59 

0.07 

0.90 


relative to the virulence of cultures of the fungus on flax. From these data 
it is evident that forms 6 and 9, with the lowest alcohol production, are 
also the least vixnilent. 

ft 


Identification of End Products 

To obtain larger quantities of fermentation products and to use this 
material for identification work, the following series of flasks were prepared : 


Series A 15 flasks 10 days incubation 

B 18 do 20 do 

0 - 17 do 30 do 


These flasks were kept in a room the temperature of which ranged from 
20° to 31° C., but which approximated 26° to 28° C. the greater part of the 
time. 

At the end of the growth period 500 ec. of filtrate from Series A was 
fractionated in a flask with a 14-inch fractionating column. One 50-ce. 
portion and three lOO-ec. portions were obtained. Three such 500-cc. por- 
tions were fractionated and the following data obtained : 


Fraction of distillate 

Alcohol percentages 

, 

I 

II III 

50 cc. 

25.03 

25.31 13.81 

100 ec. 

0.00 

0.00 0.80 

100 cc. 

0.00 

0.00 0.00 

100 cc. 

0.00 

0.00 0.00 


The 100-cc. portions wmre run to determine if it were possible to obtain 
fractions of specific gravity gx^eater than 1.0000, A blank determination on 
the corn stalk syimp which had been autoclaved but not inoculated gave 
three 100-ee. portions of specific gravity 1.0000, The three 50-ce, portions 
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were combined and fractionated. The first 45 cc; of distillate had an alco- 
hol content of 61.08 per cent, coming off largely at 78°--97° C. The second 
45-ce. portion distilled at 97‘'-98.2° C. but principally at 98° C., and had 
an alcohol percentage of 1.13. The first fraction had the odor of a yeast 
fermentation, and was acid to litmus. It gave the iodoform test on heating, 
as well as in the cold, indicating the possibility of aldehyde. The latter 
was further shown by a positive fuchsin test. 

The filtrate from the 18 flasks in Series B, 20 days old, was fractionated 
as in Series A. The first 50-cc. fractions (from 500 cc. of filtrate) were 
combined as above and distilled. The first 50 cc. boiled at 78°-“79.2° G. and 
had an alcohol percentage of 89.0; the second 50 cc. contained 25.70 per 
cent alcohol ; and the third, 0.00. On applying analytical tests for aldehyde 
to the first of these the following results were obtained : 


Fuchsin aldehyde reagent 
Tolleii'’s reaction 
Fehling’s reaction 
Beta naphthol test 
NaOH test 
Bisulphite titration 


positive for aldehyde 
do 

doubtful for acetaldehyde 

— negative do 

— positive do 

— do do 


As to the Fehling’s reaction, a precipitate of copper was obtained both in 
the blank and in the test solutions, and the difference in quantity of the 
precipitates was not great enough to justify the test as positive for acetal- 
dehyde. Mulliken (5) states that the beta naphthol test is not applicable 
to small amounts of the aldehyde, and the evidence obtained here was that 
there wms but a very small amount of the acetaldehyde present in the dis- 
tillates. The bisulfite titration showed 0.0064 gm. of acetaldehyde per 100 
cc. of distillate. 

In Series C the first fraction had an alcohol percentage of 77.75 and the 
bisulfite titration showed 0.0457 grams of acetaldehyde per 100 cc. of 
distillate. ' 

Further Studies on End Products of Fermentation 

Because of the volatility of acetaldehyde, the following distillations were 
carried out with the precautions suggested by Neuberg, Hirsch and Eein- 
furth (10). The fractionating flask was connected to a straight tube 
Liebig condenser and this joined by an adapter to a vertically placed coil 
condenser ; the latter was connected by an adapter to two suction flasks con- 
nected in series, with the second flask as a safety. The flasks were im- 
mersed in an ice-bath. Thus every effort was made to obtain complete 
condensation of the distillates. Fifty ee. of distillate, fractionated from the 
filtrate from 30 culture flasks, gave an alcohol percentage of 89.05. Since 
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earlier tests had shown the possibility of acetone or acetaldehyde as a fer- 
mentation prodnctj these substances were tested for in this 50-ce. fractioiij 
as follows; 

Acetone test — ^negative 

Piperidine test — ^positive for acetaldehyde 

Semi-earbazone reaction-positive for acetaldehyde 

TolleiPs reaction, NaOH test, and the fuchsin aldehyde reagent were all 
positive for acetaldehyde, as in the earlier tests. The bisulfite titration 
showed a value of 0.0512 gm. of acetaldehyde per 100 cc. of distillate. 

The foregoing qualitative tests are of interest in view of the statement 
of Stepp (11) that the Tollen’s reaction is positive for 1 part of acetalde- 
hyde in 100,000. Furthermore, Stepp mentioned that the fuchsin aldehyde 
reagent is not very sensitive and that acetone did not give a color with it. 
Hence the facts that a good color was obtained with the fuchsin aldehyde 
reagent, that acetone does not give any reaction with the piperidine reagent 
and that the acetone test of Billow was negative indicated the probable 
absence of acetone as a fermentation product. Since Stepp mentioned that 
the piperdine reaction was not given by formaldehyde or benzaldehyde, the 
latter were probably not present to interfere with the bisulfite titration. 
Prom the foregoing tests it was concluded that acetaldehyde is probably 
one of the fermentation products of 'Fusarmm linL The use of CaSOg as 
a fixative agent, as devised hy Neuherg, should establish definitely whether 
or not acetaldehyde is an intermediate fermentation product. 

Growth of Cultures of Fusarnmi Uni on Paper Mill 'Waste Liquor 

Three 100-ec. portions of the waste liquor from a paper mill were inocu- 
lated with forms 1 and 2, and incubated for 35 days at C. The 

liquor had a Brix reading of 34,2, but there was no growth of the fungus 
after 35 days. This trial was repeated with forms 2, 3, 6 and 7, but no 
growth resulted after 15 days incubation. Twenty ec. portions of the liquor 
which had been dialyzed w^ere inoculated with forms 2, 3 and 7. Some 
mycelium developed after a 12-day incubation period. This result shows 
further the omnivorous nature of this fungus. 

SUMMARY 

1. Fusarium lini^ the fungus causing flax wilt, has been cultured on six 
different saccharine media, and produced ethyl alcohol on all of them. This 
confirms the earlier observations of Anderson (2). 

2. In general the maximum alcohol content of the liquid cxiltoes wvas 
attained in approximately 30 days. 
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3. The alcohol production by eight forms of the fungus ranged from 
0.80 to 2.99 per cent by volume 30 days after inoculation. The highest per- 
centage for any single culture was 3.7. 

4. The two forms of the organism which were the least virulent in their 
action on the flax plant had the lowest alcohol production. 

5. Acetaldehyde apparently is one of the intermediate products formed 
by the fungus in fermenting sugars. 

6. The acetaldehyde so derived was present at any given time only in 
traces, as shown by color and titrimetric determinations. 

Division op Biochemistry, 

University Farm, 

St. Paul, Minn. 
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STUDIES ON THE PARASITISM OP PUSARIUM LINI BOLLEY 


W.C.BR.OADFOOT 

The development and distribution of resistant varieties of flax has aided 
materially in the solution of the flax wilt problem. However, resistant 
varieties are not always resistant. They may be resistant in one locality 
and not in another. This difference in resistance may be due partly to 
environmental conditions, as Tisdale (10) and Barker (4) have shown that 
wilt resistance is only relative and may be modified by environmental con- 
ditions. It has been demonstrated that the effect of environment may be 
overcome to some extent by early planting (4). How^ever, the results given 
in a former abstract (6) and in this paper indicate that the differences in 
reaction of re>sistant varieties in different localities may be due also to physi- 
ologic specialization of the pathogene. If this is true, it will be necessary 
either to select resistant varieties for certain localities, or varieties resistant 
to all physiologic forms. 

Since Tisdale (11), Barker (4), and Anderson (1) have reviewed the 
literature on flax wilt, it will be unnecessary to review it again in this paper. 

Five varieties of flax, namely, N. D." 40013 (C. I. 241) ; N. D. 3080 (C. I. 



1, Eeactioii to Fmcai'inm Uni, form 1, on Primost, Mizm. 25 (0. I. 177), in pots. 
Check pot on the right. 


1 Published with the approval of the Director as paper JSTo. 657 of the .Tournal Series 
of the Minnesota Agricultural Experiment Station. 

The writer desii’cs to acknowledge his indebtedness to Dr. E, 0. Stakman for his 
helpful advice and criticism. 

2]sr. D. =:ISrorth Dakota Agricultural Experiment Station accession number. 

C. I. = Ofhce of Cereal Investigations accession number. 

Minn. = Minnesota Agricultural Experiment Station accession number. 
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275) ; Slope (C, I. 274) ; Winona, Minn. 182 (C. I. 179) ; and Chippewa, 
Minn. 181 (C. I. 178), when grown at Mandan, N. D., were highly resistant 
to flax wilt and yielded well, according to data of Stoa and Dillman (9). 
When grOAvn at Uniyersity Farm, St. Paul, Minn.;^ on the other hand, the 
first three varieties were more or less susceptible to wilt and yielded less 
than the other two, which were highly resistant also at University Farm. 
Table 1 shows the striking differences in yields when the varieties were 

TABLE 1. — Yields in 'bushels per acre of flax varieties grown at Mandan, North Dahota^ 
and University Farm, St. JPaul, Mmnesota 



1 

Yields in bushels per acre 

Flax varieties 

O.I.a 


Ulliv. Farm, St. Paul, 

i 


Mauclan, N. Dak, | 

Minn. 

N. D. 40013 

241 

11.5 

1.89 

H. D. 3080 

275 

11.3 

1.31 

Slope : 

274 

10.1 

3.19 

Winona, Minn. 182...... 

179 

10.4 

9.01 

Chippewa, Minn, 181 

178 

10.2 

10.20 

t '■ ' . 


a G. I. = Office of Cereal Investigations accession number. 


growm at University Farm, St. Paul, Minn., and the lack of significant dif- 
ferences at Mandan, N. U. 

Inasmuch as there seemed to be strong circumstantial evidence of physi- 
ologic specialization in Fusarmm linij the writers attempted to ascertain 
whether the fungus actually was specialized, and to determine the number 
of forms, their morphologic charaeteristics, parasitic capabilities, degree of 
stability, and mode of action. 

MATERIALS AND METHODS 

Table 2 lists the sources of material for cultures of F. Uni. Pour 
varieties of flax {Limm usitatissimnm h.), namely, Primost, Minn. 25 
(C. I. 177) ; Winona, Minn. 182 (C. I. 179) ; N. D. 3080 (C. I. 275) ; and 
N. D. 40013 (G. I. 241) were used as differential hosts for inoculation ex- 
periments. The varieties were supplied by Dr. A. W. Henry, of the Divi- 
sion of Plant Pathology, University of Minnesota. Cultures, accession Nos. 
1, 2, 4, to 17, inclusive, are of monosporous origin. These were obtained 
by picking up single ger^minating spores with a sterile platinum needle from 
poured agar plates. In the case of culture No. 3, a single ehlamydospore” 
like body in a hyphal thread was picked up. Stock cultures were grown on 
potato dextrose agar and wnre kept at room temperature. 

3 Unpublished results fimiislied by Doctor A. W. Henry, University Farm, St, Paul, 
Minnesota. 


TABLE 2 . — Source of materials for cultures of Fusarium Uni isolated from 
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Resistant ; B - Susceptible j G = Biiseeptible and eblorotie above cotyledons. 
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The inoculum for soil inoculations was produced on a sterilized medium 
consisting of a mixture of sterilized wheat, oats, and barley seeds combined 
with an equal volume of water. An equal amount of inoculum of each 
culture was mixed with sterilized soil in twelve 4-inch pots. Seeds of dif- 
ferential hosts were surface disinfected by immersion for 10 minutes in a 
1-1000 HgGTa solution, then washed in sterile distilled water and allowed 
to dry. In each pot in experiment 1, 50 seeds of one variety were sown, 
and 25 seeds per pot in experiment 2. The control pots 'were treated in the 
same way, except that sterilized uninoculated medium was mixed with the 
soil. Two inoculation experiments, each in triplicate, were made in the 
greenhouse, one in March and the other in June. The number of plants 
surviving in the control pots was considered as 100 per cent. Varieties were 
arbitrarily designated resistant if more than 20 per cent of the plants 
survived. 


RESULtTS 

Various degrees of resistance and susceptibility appeared. On this basis 
nine physiologic forms of F. Uni were recognized. The results of the in- 
oculations with nine forms are summarized in table 3. 

An examination of table 3 shows that forms 1 and 2 are somewhat similar 
in pathogenicity. However, form 1 causes the plants to lose their chloro- 
phyll, a condition which is brought about by no other form (Fig. 1). 
When the plants are from 4 to 6 inches high the green color gradually dis- 
appears from all the tissues above the cotyledons until this portion of the 
plant eventually becomes entirely colorless. The line of demarcation is 
very sharp between the normal and ^‘chlorophyll deficient’^ tissues (Fig. 2). 
Sections of these tissues show that the chloroplasts are decidedly deformed 
as well as colorless. The affected plant eventually dies. This condition 
was produced by artificial inoculation in the field as well as in the green- 
house, Form 1 also caused a similar condition on Manchuria barley, Vic- 
tory oats, and Rosen rye. The green color gradually disappeared from 
all the tissues above the first leaf. 

The forms are numbered in order of their virulence. All four varieties 
are susceptible to forms 1 and 2, which are the most virulent. Only one 
variety, a different one for each of the forms, is resistant to forms 3, 4, 
and 5. Similarly, two varieties are resistant to forms 6, 7, and 8, Form 9 
is the least virulent. All four varieties are resistant to this form, although 
it kills some of the plants of all varieties. For convenience in distinguish- 
ing physiologic forms of F. Uni, an analytical key of the simple dichotomous 
type is presented in table 4. 

Table 5 gives the place of collection of the nine forms of F, Uni used in 
the experiments. No attempt was made to determine the prevalence and 
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TABLE 4:.~-~AnalytiGal Icey to physiologic forms of Fusarimn Uni 


Chlorosis absent 

Primost, Miim. 25 (G. I. 177) Eesistant 

N. B. 3080 (0. I. 275) Eesistant Form 9 

N. D. 3080 Susceptible Form 8 

Primost Susceptible 

N. D. 3080 Eesistant 

Winona^ Minn, 182 (C. I. 179) Eesistant Form 7 

Winona Susceptible Form 3 

N. D. 3080 Susceptible 

N, D. 40013 (C. I. 241) Eesistant 

Winona Eesistant Form 6 

Winona Susceptible Form 5 

N, B. 40013 Susceptible 

Winona Eesistant Form 4 

Winona Susceptible Form 2 

Chlorosis present Form 1 


distribution of the different forms. However, certain of the forms studied 
appeared to be more widely distributed than others. Thu>s forms, 2, 3, and 7 
were found both in the United States and Canada, while form 1 was found 
only in Saskatchewan and the other forms in Minnesota alone. But it must 
be borne in mind that only very few collections were made, and further 
studies might show the situation to be entirely different, 

TABLE 5 .‘ — Flace of collection of nine physiologic forms of Fusarium Uni 


Accession no. 

Physiologic form 

Place collected 

3 

1 

Cadillac, Saskatchewan 

7 

2 

Fargo, North Bakota 

12 


Saskatoon, Saskatchewan 

13 


St. Lawrence, Minnesota 

20 


University Farm, St. Paul, Minnesota 

9 

3 

Morris, Minnesota 

14 


Winnipeg, Manitoba 

15 


Winnipeg, Manitoba 

8 

V 

Kenyon, Minnesota 

2 

5 

Austin, Minnesota 

19 


University Farm, St Paul, Minnesota 

6 

6 

Grookston, Minnesota 

11 


Eed Lake Falls, Minnesota 

4 

7 - 

Cadillac, Saskatchewan 

17 


University Farm, St. Paul, Minnesota 

5 

8 

Crookston, Minnesota 

1 

9 

Agronomy plot, University Farm, St. 
Paul, Minnesota 

10 


Plant Pathology plot, University Farm, 



Bt. Paul, Minnesota 
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MORPIiOLOGY OF THE PHYSIOLOGIC FORMS OF FUSARIUM LINI 

TliG results of these experiments indicate clearly that there are physio- 
logic forms of F . lini. Experiments were then made to detex^mine whether 
there are differences in morphology as well as in pathogenicity. The nine 
forms of F, lini w^ere grown on potato pings, steamed rice, hard oat agar, 
sweet clover stems, alfalfa stems, 2 per cent potato dextrose agar, and 5 per 
cent potato dextrose agar, all in test tubes, according to the formulae recom- 
mended by Wollenweber, Sherbakoff, Reinldng, Johann, and Bailey (12) 
for the identification of species of Fusarmm, F, Uni was first described 
by Bolley (5) from cultures grown on slightly acid peptone agar. Such an 
agar was made, consisting of 2 grams of peptone, 2 grams of sugar, 2 grams 
of agar, a fe-w drops of lactic acid, and 1,000 ce. of water. 

Spore measurements ivere made with an eye-piece micrometer. A 10 
per cent aqueous solution of glycerine was used for mounting the spores on 
the glass slides. 

Comparisons of mean length and width of dijferent magnitude of spore 
populations of Fnsarinm lini, form 1, grown in the same medium 

Separate spore populations of 50, 100, and 200 spores of F. lini, form 1, 
grown on 5 per cent potato dextrose agar 56 days old, were measured for 
length and width. From the data thus obtained, biometric constants were 
calculated by the assumed mean method (3). They ai^e given in table 6. 
The differences in mean length and width of each spore population were 
then compared in relation to their probable errors (table 7). The differ- 
ences between lengths of 50 spore and those of 100 and 200 spore popula- 
tions are more than three times the probable error of the difference. When 
the mean length of 100 spores is compared •with that of 200, the difference 
in the two means is less than one times the probable error of the difference. 
It 'would seem, therefore, that 50 spores may not constitute a representa- 
tive random sample for drawing conclusions, but that 100 spores will prob- 
ably be sufficient for a comparison of the spore lengths of F. lini. Simi- 
larly, it appears that measurements of 50 spores might be sufficient to 
determine spore width. However, in all cases of further comparative spore 
measurements, 100 spores were individually measured for length and width. 

Comparisons of the length and width of 100 spores of Fiisarium Uni, 
form Ij grown on different media 

Measurements 'were made of 100 spores of form 1 gro'wn on 3 different 
media and are listed in table 8. In one case the spores w^ere taken from a 
culture of form 1, 11 days old, growm on slightly acid peptone agar. The 
cultures grown on sweet clover stems and on 5 per cent dextrose agar were 
56 days old. The mean length of the spores from the 5 per cent potato dex- 
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TABLE 8.— Variations and constants for length and width of 100 spores of Vusarium lini, form 1, on different media 
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1 trose culture was found to be 26.35 ±0.44 microns; for the spores from 

I sweet clover culture the mean length was 21.15 ± 0.34 microns. The dif- 

ference between these means is more than nine times the probable error of 
the difference, which apparently is quite significant. The difference in the 
mean width of spore cultures grown on 5 per cent potato dextrose agar and 
on the sweet clover was found to be more than five times the probable error 
^ of the difference. This again apparently is significant. The difference in 

1 the mean length and width of spores from cultures grown on sweet clover , J;!, 

} ■ ' ■ ' 


Fig. 2. Eeaction to Fusarium Uni, iorm 1, on individual plants of Pi’imost, Minn, 25 
(C. I, 177), taken from inoculated soil. Plants on the right are 
from the cheek pots. 
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and from those grown on slightly acid peptone agar were found to be respec- 
tively more than fifteen and four times the probable error of the difference. 
These differences also are apparently very significant, certainly with respect 
to the mean length. The difference in mean length and -width of spores 
from cultures grown on 5 per cent potato dextrose agar and slightly acid 
peptone agar are respectively more than four times and less than one times 
the probable error of the difference. The difference in mean length is ap- 
parently significant ; whereas the difference in width probably is not. These 
results are summarized in table 9, Larger or smaller differences might have 
been obtained if spores had been grown on other media and similarly com- 
pared. Such differences as these undoubtedly account for conflicting data 
on spore size given by different authors for the same organism. It is evi- 
dent that there may be a marked and significant difference in spore size of 
a given form of Uni when grown on several different media. Therefore 
it is important to maintain uniform cultural conditions with respect to 
media and environment when the comparative morphology of forms of F. 
Imi is studied. 

Conipariwm of iJw niean length and width of 100 spores of nine /om^ of 
Fusarmm Uni from cultnres grown in the same medium 

Table 10 gives a summary of the measurements of nine forms from cul- 
tures 7 to 14 days old growm on slightly acid peptone agar. Form 5 was 
measured with a screw micrometer. The mean length varied from 20.10 dz 
0.33 microns for form 7, to 35.95 ±: 0.42 microns for form 5. The mean 
width varied from 3.27 dz 0.03 microns for form 2, to 4.08 zh 0.04 microns 
for form 5. These differences are apparently significant. However, forms 
2 and 7 have mean lengths of 20.70 zb 0.27 microns and 20.10 zb 0.33 microns 
respectively; in this case the differences are smaller. Greater differences 
might have occurred if thousands of spores had been measured. Therefore 
spore size alone is not a sufficient basis for a definite separation of forms of 
F, Uni. 

It has been showm that the same form of F. Uni differs in spore size when 
grown on different media. On the same medium, some of the forms differ 
significantly, while others do not. Therefore spore size of forms of F. Uni 
is not an accurate criterion for separating them into distinct morphological 
eategories; but it indicates that there are inherent differences in the spore 
dimensions of different physiologic forms when cultured on the same medium 
under identical environmental conditions. 

Comparison of cultural and striictimd characteristics of nine forms of 
Fusariiim Uni grown on seven differ e7it media 

Tables 11 to 17 inclusive summarize the structural and cultural charac- 
teristics of nine forms of F. Zmi cultured on seven media in test tubes, as 
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recommended by Wollemveber ef al (12) . The percentages of spores falling 
in the septation classes, as listed, were obtained by examination of 100 spores 
as practiced by Appel and Wollenweber (2) and Sherbakoff (8) . The spore 
sizes are given on the basis of an average of 10 macroconidia, individually 
measured for length and width. Spore dimensions w^ere not given for less 
than 10 spores. The presence or absence of microconidia, macroconidia, 
terminal and intercalary chlamydospores, the color of mycelium, and sub- 
strate was quite variable. Sporulation was not common for all the forms 
on any one of these media. Forms 1 and 6 sporulated on only twm of the 
media; form 4 on three media ; forms 3, 5, 7, and 8 on four media; form 2 
on five of the media; and form 9 on seven of the media. There was also 
great variation in other microscopical characters. 

TAXONOMIC POSITION OF PUSARIUM LINI IN FORM GENUS PUSARILM 

Some of the characteristics common to section Elegans (12) of form 
genus Fusarmm m.d. F. Uni are thin-walled microconidia, cylindrical to long 
ellipsoid, not pyriform, and not catenulate on aerial mycelium. The micro- 
conidia are usually present and dominately 0-septate. Macroconidia are 
usually pedicillate and attenuate at the top end. Terminal and intercalary 
chlamydospores are usually present. There is no blue or green color in the 
eonidia even as a diffusion from the stroma. The stroma is pinncipally 
vinaceous to lilac on artificial media. 

PHYSIOLOGY OP PHYSIOLOGIC FORMS OF PUSARIUM LINI 

Effect of Temperature on Bate of Growth 

In order to determine whether the physiologic forms of F. Uni used in 
this wurk could be recognized on the basis of reaction to temperature, a 
series of tests was made as follows : 

Petri dishes of uniform size were poured uniformly with slightly acid 
peptone agar. At the end of two days, contaminated plates were discarded, 
and to the others was transferred an approximately uniform amount of 
mycelium from, stock cultures of forms 2, 3, 4, and 5. The plates were in- 
cubated at room temperatures for two days before distribution to the various 
temperature incubators. At the end of 10 days, the diameter of each colony 
wms measured and averaged. The experiment was carried out in duplicate. 

The results are illustrated in figure 3. The difference in growth made 
by the four forms at the various temperatures evidently falls within the 
limits of experimental error. That is, none of the forms tested could be 
distinguished from each other on the basis of growdh at various tempera- 
tures. 


TABLE ll.—The svorulation, variation in nnniber of septa of macroconidia, the size of macrooonidm in the different septation classes, and the color re- 
action^ of nine physiologic forms of Fusarium Uni grown on potato plugs under the same conditions 




® Based on 100 spores. 

^ The upper figure represents a percentage; the lower figures the si)ore size. 
c + indicates presence of microconidia or chlamydospores. 

— indicates absence of microconidia or chlamydospores. 


TABLE 13 . — The sporiilutioUy variation in numher of septa of maerocouidia, the swe of maeroeonidia m t^ different septaUon classes, and the color reaetiori of riinc physio- 
logic for^ns of F^lsarilm Uni grown on 2 per cent potato dextrose agar under the same conditions 






a Based on 100 spores* 

b The Tipper figure represents a percentage ; the lower figures the size, 
c 4- indicates presence of microconidia or chlainydospores. 

“indicates ahsenee of microconidia or chlamydospores. 




Based on 100 spores. 

i‘ The upper figure represents a percentage; the lower figures the size. 
c + indicates presence of micro coiiidia or ehlainydospores. 

— indicates absence of microconidia or chlamydospores. 

<3 Myceliuni white throughout and color of substrate remained unchanged. 


TABLE 17 . — The sporulation, variatimi in mimher of septa of macroconidiaj the siBe of macroGonidia in the different septation classes, and 
the color reaction^ of ni/ne physiologic forms of Fusarkiin Uni grown on steamed alfalfa stems under the same conditions 
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TABLE 18. — Comparative mliural characicHstics of nine phymologic forms of Fnsarium Uni when grown on the same and different medm under the same conditions 
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Effect of 3iedmm on Oidtu7^al GliaracierisUcs 

Appel and Wollenweber (2), Sherbakoff (8), and others haye used the 
eidttirar characteristics of micro-organisms on different media to distinguish 
species of Fnsarkm which could not be differentiated on a morphological 


ror/7? o 


Temperdfure ce/7f/^r^€/e 

"Fig. Z, .Growth of four forms of Fusonum Uni at the eiul of ten clays ou slightly 
mid peptone agar at Tarioua temperatures. 
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In order to compare tlieir cultural cliaracteristics, the nine forms of 
F. Urn were grown on three different kinds of media : potato' glucose agar, 
consisting of 20 grams of freshly peeled potato, 5 grams of sugar, 2 grams 
of agar, and 100 cc. of water j and synthetic cornmeal agar, and prune agar 
both manufactured by the Digestive Ferments Company, Detroit, Michigan. 
Triplicate plates of each medium w^ere inoculated with small and, as nearly 
as possible, equal portions of mycelium of each form. Each medium was 
made in one lot, tubed, sterilized, and poured at the same time. All of the 
plates were kept under the same general environmental conditions. The 
nine forms listed in table 18 can be differentiated macroseopically, although 
with difficulty, by the following characters : color of mycelium and substrate, 
mycelial characters, sporulation, and rate of radial growth. 

The organism which Bolley (5 ) described as a new species of F. Uni was 
cultured on a slightly acid peptone agar. For this reason the cultural char- 
acteristics of nine forms of F. Uni grown on slightly acid peptone agar are 
given in table 19. 

Spore Germinaiion 

The process of spore germination in F. Uni has been described by Bolley 
(5). The w^riter observed that one or more germ tubes, seldom more than 
two, are sent out from any portion of the spore, although usually from the 
ends. The size and number of germ tubes vary according to media and 
temperature. 


TABLE 20. — of the percentage of germinatimi of conidia of Fusorkim Imi, 
form 5, at mrious temperatwres, in distilled water, with and without the 
addition of fLax tissue, at the end of twelve hours 


Temperature 
ill degrees 0. 

Elax 

tissue^ 

1 Percentage of germination 

Trial | 

Average 

1 i 

2 

1 ' 

4 

7 

- 

16 ’ 

12 

10 

I 12 

12.50 


•f 

42 

24 

40 

40 1 

39.00 

12 

_ 

81 

85 

84 

85 1 

83.75 


+ 

S3 . 

90 

86 ! 

90 1 

87.25 

18 

— 

86 

84 

84 

' 82 

84.00 


+ 

88 

86 

88 

90 

83.00 

25 


76 

78 

76 

76 

76.50 



82 

90 

86 

90 

87.00 

30 

- 

71 

73 

74 ! 

90 

90.00 



97 

96 

98 

98 

97.25 

35 

-- 

0 

0 

0 

0 

' 0 


+ 

0 

0 

0 

0 

! ■ 0 ■ 


a -indicates no flax tissue added; + indicates tissue added. 
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In distilled Avater at room temperatures, 20-21° C., the minimum time 
reqirired for spore germination, that is, the first evidence of the germ tube 
protruding from the spore, Avas found to be 2 hours and 5 minutes in culture 
No. 14. When flax tissue Avas added to the medium, spores germinated in 1 
hour and 45 minutes. The highest average percentage of germination in 
distilled water occurred OA’er the rather Avide range betAveen 12° C. and 
30° G. No spores germinated above 35° C., but some germinated at 7° 0. 
At the end of 12 hours, at the lower temperatures, the germ tubes were not 
so long as they Avere at higher temperatures. Flax tis.sue, Avhen added to 
the medium, stimulated germination greatly. These results are shown in 
table 20. 

In tap Avater the spores germinated best at 30° C. In this medium also 
germination Avas stimulated AA'hen flax tissue Avas added (Table 21). From 
tables 20 and 21 it will be seen that germination Avas more profuse in the 
distilled water than in tap Avater. 

TABLE 21.' — fSitdrimarj/ of the ijerceniage of gernmiation of conidia- of Fusariimi Un% 
form 5j at vanous tamper at tires, in tap water with and without the 
addition of flax tissue, ai the end of tivelve hours 


Tfimperatiire 
ill degrees G. 

Flax 1 

tiasue» j 


Percentage of 

germination 

Trial 

Average 

1 

2 

3 

1 

7 

' - 1 

8 

6 

8 


7.00 


■ 

i ' 12 

10 

10 

12 1 

11.00 

12 

- 

1 AS 

12 

14 

18 1 

15.50 



1 70 

18 

16 

IS 

18.00 

18 


! . IS 

26 

30 i 

26 

25.00 


+ 

; 78 

74: 

64 ; 

68 

1 71.00 

25 

- 

1 27, 

36 

34 

! 38 

31.75 


+ 

1 56 

74 

78 

60 

i 67.00 

30 

- 

88 

90 

90 

78 

! 86.50 


I- 

88 

94 

90 

92 

1 91.00 

32.5 


66 

72 

68 

68 

1 68.50 


i" " . 

i 78 
! 

74 

76 

72 

75.00 


a “indicates no flax tissue added; -l- indicates tissue added. 


SUMMARY 

1. Observational evidence seemed to indicate that physiologic specializa- 
tion occurs in F. 

2. Experimental evidence proves that there are at least 9, and probably 
more, physiologic forms of F. Uni which can be distinguished by their para- 
sitism on the following four varieties of flax: Primost, Minn. 25 (C. 1. 177) ; 
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Winona, Minn. 182 (C. I. 179) ; N. D. 3080 (C. I. 275) ; and N. D, 40018 
(C. I. 241). 

3. The four differential varieties vary in degree of resistanee and .sus- 
ceptibility to seven physiologic forms. 

4. Forms 1 and 2 are very virulent on all four differential hosts. Form 
1, however, is quite distinct from form 2 and all other forms. When the 
plants inoculated with form 1 are 4-6 inches high, the green color gradually 
disappears from the tissues above the cotyledons until this portion of the 
plant is eventually colorless. The line of demarcation is very sharp be- 
tween the normal and chlorotic tissues. This condition was produced by 
artificial inoculation in the field as well as in the greenhouse. Form 1 also 
causes loss of color in Manchiiria barley, Victory oats, and Rosen rye. The 
green color gradually disappeared from the tissues above the first leaf. 

5. The forms are numbered in order of their virulence, forms 1 and 2 
being the most virulent, and forms 7, 8, and 9 the weakest. 

6. Forms 2, 3, and 7 were found in the United States and Canada, while 
form 1 was found only in Saskatchewan, and the other forms in Minnesota. 
However, further collections might show the situation to be entirely dif- 
ferent. 

7. Variations in morphology of the spores of identical forms were found 
to exist under different conditions of growth. It was found necessary to 
measure at least 100 spores in order to obtain accurate results. 

8. It was evident from this study that marked and significant differences 
occurred in spore size of a given form of F. Uni when grown on several dif- 
ferent media under the same environmental conditions. Therefore when 
studying the comparative morphology of forms of F. Uni it is important to 
maintain uniform cultural conditions with respect to media and environ- 
ment, 

9. The mean length of 9 forms of F. Uni grown on slightly acid peptone 
agar under uniform conditions is from 20.10 ±; .33 microns for form 7 to 
35.95 ± .42 microns for form 5. The mean width ranges from 3,77 =h .03 
microns for form 3, to 4.08 ± .04 microns for form 5. Some of the differ- 
ences are quite significant while others are not. Significant differences 
might have been obtained if thousands of spores had been measured. There- 
fore spore size of forms of F. Uni is not a very accurate criterion for separat- 
ing them into distinct morphological categories ; but it indicates that there 
are inherent differences in the spore dimensions of different forms when cul- 
tured on the same medium under identical environmental conditions. 

10. The taxonomic position of F, Uni probably is in section Elegans of 
the form genus Fitsarium, 

11. No significant differences were found in the amount of radial growth 
of four forms of F, Uni on the same medium at various temperatures. 
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12. The 9 forms can be distinguished with diiSciilty by macroscopic ex^ 
animation when grown on 3 different media under the same conditions. 

13. The minimum time required for spore germination in distilled water 
at 20-21'' C. was found to be 2 hours and 5 minutes for culture No. 11. 
Germination occurred in 1 hour and 45 minutes when flax tissue was added 
to the medium. Best germination in distilled water occurred between 12° 
C. and 30° C. ; in tap water at 30° C. Flax tissue -when added to the 
medium increased germination in all cases. No germination occurred above 
35° C. Germ tubes of spores at 12° C. were shorter than those at higher 
temperatures. Some germination took place at 7° C. The percentage of 
germination was higher in distilled water than in tap ivater. 

Section op Plant Pathology^ 

University Parm^ 

St. Paul, Minnesota. 
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PHYSIOLOGIC SPECIALIZATION AND MUTATION IN 
USTILAGO ZEAE^ 



J . J . 0 H E I S T E N S E N A IST I> E . 0 . S T A K M A N 

INTRODUCTION 

Corn smut, caused by JJstilago zeae (Beck.) Ung., apparently has been 
assuming increasing importance in corn production in the Upper Missis- 
sippi ^ alley . The disease may not be more destructive and prevalent now 
than it was 25 years ago ; but, on account of the increase in corn production, 
the disease has attracted increasing attention during the past few years. 

As was pointed out by Hayes et al (4), the be>st method of reducing 
losses from corn smut is the development of smut-resistant lines.^ It is true 



Pig. 1. — Three forms of JJstilago zeae showing sectors. Two or more cUstinet types of 
sectors appeared in each colony. Prom left to right: form 7 from Massachusetts; form 
12 from New Hampshire; and form lb from Minnesota, which itself was originally 

isolated from a sector. 

1 Published with the approval of the Director of the Miimesota Agricultural Experi- 
ment Station as paper No. 656 of the Journal Series of the Miunesota Agricultimal Ex- 
periment Station. 

The writers are gi’eatly indebted to Dr. D. L. Bailey, Messrs. A. P. Thiel, W, Butler, 
Philip Brierley, E. A. Lungren, J. M. Wallace, and Dr. Donald Folsom for collections 
of smut. They are also indebted to Mr. H. A. Rodenhiser for several collections of smut 
and for assistance in making inoculations in the field, and to Messrs. Chili Tu and IT. E. 
Parson for help in making inoculations in the field. 

2 For several years the Section of Plant Breeding and the Section of Plant Pathology 
. of the University of Minnesota have cooperated on a project for the development of 

smut-resistant lines of corn. The investigation reported in this paper was made as a 
paii; of the general project. 
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that the destructiYeness of the disease probably can be reduced somewhat 
by good cultural practices, sanitation, and proper soil fertilization. How- 
ever, the only really adequate method of reducing losses would seem to be 
the use of resistant lines. Jones (5), Hayes. et al (4) have demonstrated 
the possible feasibility of this method of controlling the smut. However, 
there is always the lingering possibility in developing resistant lines that 
they may remain resistant only as long as they are exposed to infection by 
the particular physiologic form or forms of the pathogene to wdiich they 
were exposed during the process of their creation. 

For several years there has been circumstantial evidence of the existence 
of physiologic forms of U. zeae. As a result of extensive observations, 
Melehers (6) pointed out, in 1920, the strong probability of the existence 
of forms of the pathogene. More recently, Stakman and Chi-istensen (10) 
definitely demonstrated the existence of several forms. Tisdale and John- 
ston (12) also noted a difference in pathogenicity of different strains of the 
organism. 

It seemed highly desirable, therefore, to make a thorough study of the 
number, characteristics, and geographic distribution of physiologic forms 
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of V. zede- in the United States. It obviously is highly important also to 
ascertain whether these forms are relatively stable or whether they change 
rapidly. For the past two yearS; therefore, investigations have been made 
on these phases of the problem at the University of Minnesota. 

MATERIALS AND METHODS 

Twelve collections of II, zeae were obtained in 1924 and 1925, from the 
sources indicated in table 1. Cultures Avere obtained as folloAvs : spores Avere 


TABLE 1.— Source of IS physiologic for 7 ns of Ustilago seae 


Eorm 

Origin 

Locality 

Year 

Collector 

1 

Smut boil 

Minnesota ( Isanti ) 

1925 

"Writers 

lb 

Sector from 





form 1 


1925 


2 

Smut boil 

Minnesota (University 


' 



Farm) 

1924 

Winters 

3 

do 

Manitoba, Canada 

1924 

D. L. Bailey 

4 

do 

Nebraska 

1925 

A. F. Thiel 

5 

do 

OHo 

1925 

H. A. Rodenliiser 

6 

do 

Texas 

1925 

W. Butler 

6a 

Sector from 





form 1 


1926 


7 

Smut boil 

Massacliusetts 

1925 

H. A. Rodenliiser 

8; * 

do 

Pennsylvania 

1924 

P. Brierley 

Sa 

Sector from 





form 8 


1925 


9 

Smut boil 

Colorado 

1925 

A. E. Lnngren 

10 

do 

Mi?sissip|)i 

1924 

J. M. Wallace 

11 

do 

Maine 

1925 

D. Folsom 

12 

do 

New Hainpsliire 

1925 

H. A. Rodenliiser 


taken from a smut ball, from the inside whenever possible, and kept for 
24-72 hours in a 1 per cent solution of copper sulphate, which was shaken 
from time to time in order to insure Avetting of the spores. Some of the 
spore suspension was then removed from the container by means of a sterile 
platinum loop, and streak inoculations Avere made on a 2 per cent potato 
dextrose agar in petri dishes. Pure cultures often developed from this first 
inoculation. Transfers then were made, and stock cultures Avere kept at 
room temperature in the laboratory. 

In order to compare the cultural characters of forms obtained from the 
different collections, transfers were made to several different media in tripli- 
cate petri dishes, flasks, or tubes. For these comparative studies, the agar 
always was made up in one lot, tubed, sterilized, and poured at about the 
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same time. After inoculation, the containers were kept at room tempera- 
ture on the same table in the laboratory, in order that all might be subjected 
to the same general environmental conditions. 

In order to obtain sporidia for inoculation, transfers were made from 
the different cultures to a 1 per cent carrot-dextrose decoction. Sporidia 
were produced in great abundance in this nutrient medium. Just before 


Pig. 3. — Two phj'siologic forms of Vstilago seae growing in the same petri dish. On the 
left, form 0 from Texas; on the right, form 1 from Isanti, Minnesota. 


the material was used for inoculating plants, an equal amount of fresh 
nutrient was added to each of the flasks. 

Inoculations were made on selfed lines of corm'^ in the greenhouse , and in 
the field. Tw:o methods were used in the greenhouse: (a) numerous punc- 
tures were made with a sterile needle in the stalk of the corn plants, which 
were then sprinkled with a suspension of conidia; (b) about 1 to cc. of 
the suspension of sporidia was injected, with a hypodermic needle, into each 
stalk. Only the latter method was used in the field. Control plants, of 
course, always were punctured or injected with the sterile nutrient solution. 


All selfed lines of corn were funiished by the Beetion of Plant Breeding of the 
iJnivemty of Minnesota. A selfed line of teosinte was obtained from the Office of 
Cereal Orops and Diseases, Bureau of Plant Industry, United States Department of 
Agriculture. 
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RESULTS 

Gulhiral Characters of Different Former — Fifteen distinct forms "were 
obtained, either directly from the original collections or as mutants from 
certain forms. There are striking and consistent cultural differences be- 
tween the different forms. They easily can be differentiated on culture 
media by the following characters: rate of growth, color, relative amount of 
aerial mycelium, nature of mycelial growth, topography, zonation, surface, 
character of the margin, and abundance of conidia. The data on cultural 
characters are summarized in table 2. 

The cultural characters of a given form are remarkably constant on the 
same medium and under the same general environmental conditions. How^- 
ever, they may differ greatly on different media and under different condi- 
tions of light, temperature, etc. Different forms sometimes look almost 
exactly alike on one medium but are entirely different in appearance on 
another. It should be emphasized, therefore, that cultural differences be- 
tween forms can be detected only if the proper differential materials are 
used. And it may be worth while emphasizing the fact that there is a great 
deal of variation in the cultural charactei’s of the same form under different 
conditions. Similar facts have been observed for various smut fungi by 
Sartoris (9), and by Christensen (1 and 2) for Helminthosporinm sativum 
P. K. and B. The differences in cultural characters of different forms of 
U. zeas are sometimes far greater than those between the so-called species, 
Ustilago tritici (Pers.) Eost. and U. mida (Jens.) E. and S., which, as 
Eodenhiser (8) recently has shown, -are probably themselves only physio- 
logic forms, and both of which, if one does consider them as separate species, 
contain many culturally distinct forms. Furthermore, some forms of U. 
zme differ from each other more than they differ from certain forms of 
U. nuda and U. tritici. The writers also have observed such cultural dif- 
ferences between different collections of Sorosporium reilianum (Kiihn) Mc- 
Alpine. 

There can be no question whatever regarding the distinctness of different 
physiologic forms in culture. (See Figs. 1-3.) Naturally, however, the 
most important question is, are these forms pathogenically distinct? And 
particularly important is the question as to whether any of them are 
so virulent as to be able to infect normally lines of corn which have been 
resistant in field experiments. Experiments were made to answer these 
questions. 

For the field tests of comparative virulence of forms, ten lines of corn, 
which had been selfed from five to seven years, were selected. These lines 
had been growm for several years in the experimental plots at University 
Farm, St. Paul, where they were inoculated artificially each year. Their 
reaction to the form or forms of Z7. at University Farm was therefore 



TAB r.B 2.— ( ( \>nlin urd) 



TABLE 2.— CuZtarai characters of IS forms of Ustilago zeae grown under identical aondiiwns on potato dextrose agar in Erlenmeycr flasJcs 
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□ Percentage p/e/ 7 ts /nfected 
M " " w/th e/77ut/)e//s 


FORMS FORMS FORMS FORMS FORMS FORMS 

/B-&&83// /^B6'8’8a-H AZ‘6-&8a// AZ-6'd-3a‘// 


Fig. 4.'-— The reaction of self ed lines of corn to six physiologic forms ox UsUlago ^eae. 
Strains of corn, left to right, are: Longfellow (Culture 700), Longfellow (Culture 6000), 
Bustler (Culture 4400), Bustler (Culture 3300), N. W. Dent (Culture 4100), Brown 

Aleurone (Culture 1700). 


known. Eesistant (low smtit), susceptible (high smut), and intermediate 
lines were selected. 

One long row of each line was planted early in June. The rows were 
3% feet apart and the hills were 1 foot apart in the rows. The plot then 


Percentage p/ents ^fecfed 
lii " - wit/) smut 6b//s 


FORM/ FORM 8 FORMS FORMS FORM So FORM// 


Fig. 0 . — The reaction of selfed lines of corn to six forms of Ustilago seae. For each 
physiologic form, the six lines of corn, from left to right, are; Longfellow (Culture 700), 
Longfellow (Culture 6000), Rustler (Culture 4400), Bustler (Culture 3300), N. W, Dent 
(Culture 4100), Brown Aleurone (Culture 1700). 
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was siibclivided into 12 subdivisions, each containing from about 20 to 30 
plants of each selfed line. The plants in each subdivision were inoculated 
on July 9, and again on July 24, with one of the physiologic forms of 
U. zeae. As previously mentioned, all inoculations in the field were made 
with a hypodermic syringe. , 

The first notes were taken seven days after the first inoculation. All of 
the forms caused infection and most of the plants had become infected, ex- 
cept the controls, which were entirely free from smut. The first evidence 
of infection was the appearance of chlorotic areas, two or three days after 
inoculation. Necrosis often followed the chlorosis, the degree and extent 
depending on the line of corn and the particular form of the fungus with 
which it had been inoculated. There were no signs of chlorosis nor other 
evidences of infection on the controls, except on a few plants which became 
naturally infected late in the summer. By August 9 there were large smut 
boils on many plants, while others apparently had outgrown the infection. 

There were striking differences, corresponding with those observed in 
the greenhouse, in the pathogenicity of different forms (Table 3 and Figs. 


Fig. 0. — Left: Salmon Bilk (Culture 1800 — 192e5) ; only very small smut boils developed. 
Right: Brown Aleiirone (Culture 1700— -1925) ; note large smut boils and distortion 
of plants. Of 21 plants inoculated in field, 20 were killed. 
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4 and 5). At least 7, and probably 8, of the 12 forms with which inocula- 
tions were made were decidedly different. Some of them differed from each 
other in their effect on all 10 of the lines of corn, while others differed only 
in their action on a few of them. 

The differences in the effect of the different forms sometimes were very 
sharp. Certain forms produced only very minute smut boils on some lines 
of corn ; others produced very large smut boils on nearly all lines ; and still 
others characteristically caused very sharp chlorosis on many lines. In 
fact, there were remarkably sharp differences in the effect of the different 
forms. Some were extremely virulent, others moderately so, and still others 
only weakly pathogenic. (See Figs. 6-8.) 

Form 8, from Pennsylvania, was the most virulent of all. This form 
infected nine of the ten selfed lines of corn heavily, and produced large 
smut boils on practically all plants in each plot. It not only caused heavy 
infection on susceptible lines of corn but also on some which had been 
resistant at University Farm for several years. For instance, it killed 
outright 20 of the 21 inoculated plants of Kustler, culture 4400, a ''resistant 
line.'’ The only line of corn resistant to this form was Salmon Silk, culture 
1800. (See Figs. 6, 9, 10.) 

Form 6, from Texas, easily could be distinguished from all the other 


7. — The effect of two physiologie forms of Ustilago zeae on a ^ ^ resistant ^ ^ line of 
corn, Minnesota 13 (Culture 4000 — 1925), selfed five years. On the left, form 
8a ohtained from a sector from form 8 on the right. 




forms because of the extensive and pronounced chlorosis which is caused on 
several of the lines of corn. 

Form 7, from Massachusetts, was the weakest. Only one line of corn, 
Bustler, culture 3300, was susceptible to it. On all other varieties the only 
indication of infection wms a slight chlorosis and, occasionally, small 
smut boils. 

It is quite obvious from the results that many of the lines of corn which 
have been highly resistant in the regular field tests of previous years were 
completely susceptible to some of the forms of the smut fungus. On the 
other hand, some of the susceptible lines of corn were resistant to the weak- 
est of the forms. It is quite clear from the results that one is not justified 
in speaking of resistant or susceptible lines of corn unless one specifies the 
particular forms of the pathogene involved. For instance, Longfellow, 
culture 6000, was resistant to 11 of the 12 forms, but it was quite susceptible 



to form. 8, 

Stability of the Physiologic Forms , — The range of variability of forms of 
P. Bern is very wide. The character and the rate of growth, the ability to 
produce sporidia, and the morphology of the organism are influenced pro- 
foundly by the kind, proportion, and amount of f ood available, and by other 


Fig. 8. — The effect of two physiologic forms of Vsiilago ^eae on a resistant” line of 
coni, liustler (Culture 4400 — 1925), selfed six years. On the left, 
form 8j right, form 7. 



the field ivitli 12 physio logic forms of Ustilago ^eae 
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environmental conditions. Comparative cultural tests made during the past 
two years indicate that some physiologic forms remain constant and always 
appear the same under identical conditions. Temporary phenotypes, or 
modifications, induced by differences in environmental conditions, occur fre- 
quently, although the genotype remains unaltered. Such variants revert to 
the parental phenotype as soon as the causal stimulus is removed. 

However, some forms mutated frequently, if one can designate as 
mutants the wedge-shaped sectors which often occur in cultures. There was 
mutation in forms obtained from eight different states. Of all forms studied, 
only four failed to produce any mutants. Some of the forms mutated 
much more readily than others. Form 12, for instance, produced at least 
three distinct mutants in the same culture. 

That these so-called mutants really are new genotypes, and not mere 
phenotypes caused by environmental conditions, is indicated by the fact 
that they bred true during repeated subsequent transfers. Some of these 
mutants have been grown on many different kinds of media, and under 
different conditions, for a considerable period of time without losing their 
distinctive character. Form 8a has been cultured for 1^^ years and form 6a 
for about 10 months, and during this time they have remained constant. 

Some of the mutants again mutated. Thus, from a single isolation made 
from a smut boil collected at Isanti, Minnesota, six distinct mutants were 
obtained, all of which retained their distinctive characters after repeated 
transfers (Fig. 11). Form Ibba (Fig. 11) was obtained through a series of 
three successive and distinct sectors, and a culture of this form produced 
three other distinct sectors. It is possible that the last three may be 
variants rather than mutants, as they have not been studied very long. It 
may be noteworthy that the last sector obtained from this series of cul- 

TABLE 3. — {Continued) 

a The terms susceptible, ’ ^ ^ ^ moderately resistant,'’ and ^'resistant" indicate the 
reaction of the selfed lines of corn to smut under field conditions at University Farm 
when inoculated artificially with XJ, seae from University Farm. 

b Explanation of symbols : 

n and c denote the degree of necrosis and chlorosis, respectively, 
a indicates an abundance of smut boils, 
m indicates a moderate number of smut boils, 
f indicates few boils. 

A plus or minus sign further differentiates the class within the respective groups. 

The numerical values 0 to 5 indicate the relative size of the smut boils. 0 indicates, 
absence of boils; 1 indicates boils varying from warts to 14 inch; 2-14 to 1 inch; 
3 = 1 to 2 inches; 4 = 2 inches to 3 inches; 5 = 3 inches or above. 

c Mostly 1 infections. 
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tures, ie., Ibba, differs much more from its parent, form 1, than la or lb 
which developed earlier in the series of cultures. 

The possibility is not excluded that these sectors which have been desig- 
nated as mutants may arise from normal segregation. Sartoris (9) states 
that sporidia of TI. sear/ when placed on glycerine agar, germinate and 
produce germ tubes wliieh conjugate. A binueleate mycelium is thus 
formed. However, the shape of the sectors, and their mode of origin, sug- 
gest mutation rather than segregation. The phenomenon is similar to what 
has been interpreted as mutation in many other fungi. A fuller study is 
necessary, however, before a definite statement can be made. But, from the 
pathological standpoint, the essential fact is that sudden and permanent 
changes occur in physiologic forms of U. zeae. The most important question 
naturally is : is there a change in pathogenicity corresponding with a change 
in appearance! 



A resistant^' line of com, Bustler (Culture 4400 — 1925), inoculated with 
form 8, from Pennsylvania. This was the typical appearance in the 
plot of all the plants of the line. 
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Pathogenicity of Mutants . — In order to ascertain whether mutants were 
pathogenically different from their parents, three of them were included 
in the field experiments already described. Mutants 8a, 6a, and lb were 
used. All ten lines of corn were inoculated with them. Mutant lb was 
approximately as virulent as its parent ; 6a was slightly less virulent than 
its parent, while 8a, which was obtained from the most virulent of all forms 
studied, was decidedly less virulent than its parent. In fact, the latter 
mutant seemed to have lost its pathogenicity almost completely. There was 
a tremendous difference between the pathogenicity of its parent and that 
which it itself showed. ( See table 3 and fig. 7. ) 

There is further evidence on the constancy of mutants from the inocu- 
lation experiments. Form 8 and its mutant 8a have been transferred 
approximately the same number of times in culture and have been grown 
under many different environmental conditions, yet after 21 months their 
cultural characters are still distinct, and their pathogenic capabilities re- 
mained the same after at least six months in culture. 

The loss in virulence indicated above can not be attributed to attenua- 
tion in culture, because forms 2 and 8 are very virulent, while forms 7 and 


Fig. 10. — Two selfed lines of corn severely injured by a virulent form of Ustilago seae, 
form S, from Pennsylvania. Front row, Longfellow (Culture 700 — 1924). Back row. 
Rustler (Culture 3700— -1925). Both strains had previously proved resistant to U. zeae 
for several years at IJniversity Farm. 
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12 are weakly pathogenic, although the first two have been cultured at least 
a year longer than the tw^o latter. 

The fact may or may not be significant that none of the mutants tested 
were more Yirulent than their parents. However, Christensen (2) haS' 
shown that mutants of HehnintJiosporiiwi sativum sometimes are more viru- 
lent than their parents, and it is entirely possible that the same thing may 
prove to be true of TJ. zeae. 

DISCUSSION AND CONCLUSIONS 

There are many physiologic forms of U, zeae which differ greatly in cul- 
tural characteristics as well as in pathogenicity. It is unfortunate but true 
that many supposedly resistant lines of corn probably are resistant in re- 
stricted localities and for limited periods of time only. This is clearly 
shown because of the fact that selfed lines of corn which had been highly 
resistant for several years at University Farm w^ere completely susceptible 
to forms obtained from other states. It also is significant that several dif- 
ferent forms of IL zeae may occur within a rather restricted geographical 
locality. For instance, one form wms obtained at University Farm, St. Paul, 
and another rather distinct one wms collected approximately 50 miles awmy. 

The fact that forms mutate makes it rather difficult to be sure of the 
situation in breeding resistant lines, because the situation is constantly 



cessive sectoring in culture media from a single isolation of Ustilago 'Beae, 
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eliaiiging. It is to be hoped that the mutants of V, zeae are always less 
virulent than their parents. But there is no assurance and little hope, from 
what is known of other fungi, that this is true. It seems likely that breeding 
for smut resistance must be done for certain localities, and it is likely that 
it may have to be done more or less continuously. In view of the fact that 
there are many and changing physiologic forms of the pathogene, the corn 
smut problem probably can not be solved easily, once and for all. It prob- 
ably will be a contest between a pathogene which is continually shifting its 
base, and breeders who are trying to keep a few steps ahead of the pathogene. 
How many physiologic forms there are, what their distribution is, and ex- 
actly how much they will complicate the breeding problem remains to be 
seen. The writers make no predictions. This much, however, is certain : 
there are physiologic forms of TJ. zeae, and lines of corn which have been 
resistant for several years to certain physiologic forms are completely sus- 
ceptible to others. A line may be resistant in one region and completely 
susceptible in another ; and it may be relatively free from smut in one local- 
ity for some time, and then become heavily infected on account of the ad- 
vent of a form of smut to which it is susceptible. 

Whatever the ultimate importance of physiologic specialization may 
prove to be, it is essential to take the phenomenon into consideration in 
breeding work. Information must be obtained regarding the number of 
physiologic forms, their geographic distribution, their degree of constancy, 
their pathogenic capabilities, and the degree of mobility. 

The question naturally arises as to how rapidly a virulent form may be 
disseminated if it occurs only in a restricted locality. Theoretically it 
should be possible for the fungus to spread very rapidly. Almost incon- 
ceivably large numbers of sporidia are formed ; they retain their viability 
under adverse conditions for months, as Piemeisel (7) has shown; and they 
have been caught several thousand feet high in the air (11). 

While the problem of developing resistant lines of corn is complicated 
by the existence of physiologic forms, breeding work will still be valuable 
and may eventually solve the corn smut problem. However, the methods of 
developing the resistant lines must be changed. It will be necessary to 
inoculate them with all of the forms which occur in a region for which the 
varieties are intended, and it may be necessary to resort to more crossing 
and recrossing in order to develop resistant lines synthetically, as is now 
being done in developing varieties of wheat resistant to stem rust ( 3 ) . 

SUMMARY 

1. TJstilago zeae is a group species comprising numerous physiologic 
forms. 
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2. The writers studied fifteen forms in considerable detail. The forms 
can be distinguished in culture by the following characters : rate of growTh, 
color, topography, surface, zonation, conidial production, and margin. 

3. At least seven, and possibly eight, forms can be recognized by their 
parasitic behavior on ten selfed lines of corn. 

4. Some forms are very virulent, some moderately so, while some are 
relatively innocuous. The most virulent form was obtained from Pennsyl- 
vania, and the weakest one from Massachusetts. 

5. Some selfed lines of corn which had been resistant in the field for sev- 
eral years at University Farm, St. Paul, were completely susceptible to at 
least one of the physiologic forms. 

6. Mutants occur frequently on culture media as wedge- or fan-shaped 
sectors. Transfers from these sectors continued to be distinct from their 
parents when propagated on culture media. 

7. Some forms mutate readily, others do not. As a result of mutation, 
at least six distinct variants or mutants were obtained in a series of trans- 
fers from a single isolation. Three of these six variants originated from 
successive sectors. 

8. The mutants differ from their parents not only in general appearance 
on culture media, but also in pathogenicity. 

9. The mutants are as stable as forms isolated from chlamydospores ob- 
tained from smut boils. One mutant bred true for at least one and one- 
half years on culture media, while its pathogenic capabilities have remained 
constant for at least six months. 

10. Distinct cultural differences were observed also between collections 
of Sorosporiwn reiliamm. 

University Farm, 

St. Paul, Minnesota 
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INTRODUCTION 

Physiological specialization has long been known in the smut fun^, 
although the fact was not stated definitely. TJshlago mida ( Jens.) L. and b. 
and ILtritid (Pers.) Rost, really are physiologic forms, not good morp o- 
logic species. AVhen IJ. segetum (Bull.) Ditt. was separated mto several 
species, the basis for separation, at least as far as V. nuda and ^ are 

concerned, was pathogenicity, not morphologjn Had the early investigators 
of the cereal smut fungi known what is now known about physiologiea 
specialization, it is likely that they would have considered V. nudu and 
U. tritici as physiologic forms of one morphologic species rather than a. 
two morphological species. In fact, Jensen (4) did not at first elevate them 
to the rank of species, but considered them as varieties under the names 
TJ. segetum var. tritici and V. segetum var. liordei nuda. The morphological 
differences between these two fungi are scarcely pronounced enough o 
justify considering them as species, although it may be convenient to do so. 
The principal differences between them are physiologic rather than 
logic. They differ pathogeiiically as well as culturally, as Appel and Rie m 

(1) have shown. . , , ^ ^ 

It seemed quite probable, therefore, that there might be physiological 

specialization within the so-called species of loose smut fungi This proba- 
bility seemed the stronger in view of the fact that Reed (o) has demon- 
.strated the existence of parasitic strains within U. avenue _ (Pers.) Jns. and 
U. levis (K. and S.) Magn., and Paris (2) within Z/.hordci (Pers.) K and b., 
while Stakman and Christensen (7) and Tisdale and Johnston (8) have 
shown the same for U. zeae (Beck.) Ung. The writer therefore began ex- 
periments to ascertain whether there are similar strains or forms within 
IJ. tritici and II. nuda. As a preliminary to the investigation of the 
existence of pathogenic strains, an attempt was made to find out 
there were strains which could be recognized by differences in cultural char- 
acteristics on nutrient media. 

1 Published with the approval of the Director as Paper No. 645 of the Journal series 

of tlie Miiiiiesota Agricultural Experiment Station. ^ ^ r? n 

2 The writer wishes to acknowledge the helpful advice and criticism of Dr. E. L. 

Stakniaii, under whose direction the work was done. 
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MATERIALS AND METPIODS 

Collections of V, nuda and V. triiici were obtained during 1925 from 
widely separated localities as indicated in tables 1 and 2.'^ Pure cultures of 
the smuts were often obtained by transferring the ehlamydospores directly 
to the culture medium. In other eases, ehlamydospores were suspended in 
a one per cent solution of copper sulphate for from 10 to 27 hours. Pure 
cultures were then obtained by directly transferring the ehlamydospores to 
the media by means of a platinum loop. A two per cent potato-dextrose 
agar proved to be the best medium for growth from which to study cultural 
differences of the physiologic forms of the two smuts. The pure cultures 
were grown for a period of two weeks on equal quantities of potato-dextrose 
agar. At the end of this time, triplicate series of 200 cc. Brlenmeyer flasks, 
containing 20 cc. of two per cent potato-dextrose agar, were inoculated with 
small equal portions of each culture. All of the cultures Tcere subjected 
to the same environmental conditions. The agar was made up in one batch, 
poured and autoclaved at the same time ; and the cultures were grown at 
room temperatures in the laboratory. 

EXPERIMENTAL RESULTS 

It is evident that there are distinct forms or strains, both of TJ. tritici 
and U. 7iud3. Cultures of U. rnoda from six different sources and of 
IL tritici from three different sources were studied in detail. The forms 
can be differentiated on culture media by the following cultural characters : 
color, topography, character of surface, presence or absence of aerial 
mycelium, total amount of radial growth, and type of margin. The data 
on cultural characteristics are summarized in tables 1 and 2. 

The cultural characteristics of six collections of U. muda were distinctly 
different (Pig. 1). The same was true of the three cultures of ZL tritici 
(Pig. 1). Purthermore, cultural differences in the various forms of U. mida 
and IL tritici were as great as the cultural differences between the two 
species. There was, however, a distinct similarity between the culture of 
TJ, nuda obtained from material collected in Bulgaria and that of L\ tritici 
from Egypt. 

There were no apparent differences in the morphology of the various 
forms of the two smuts. Likewise, no microscopic differences were noted 
in the vegetative growths of cultures of TJ. nuda and IL tritici of the same 
age. All of the morphologic structures of TJ, tritici formed in culture and 
described by Sartoris (6) were noted, ehlamydospores of both I/, mida 
and TJ, tritici developed in culture. 

*"> For spore material, the writer is Indehted to the several people who are listed in 
tahles 1 and 2. 
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Fig. 1. — Pliysiolo^c forms of Ustilago nuda and Ustilago tritici on potato-dextrose agar, 
31 days after inoculation. Series A and B, Ustilago nuda, forms 6, 4; 5, 1, 3 
and 2. Series C, Ustilago tritici, forms 1, 2 and 3. 


DISCUSSION 

There undoubtedly is physiologic specialization in the loose smut fungi. 
In fact, V. nuda and TJ. tritici are themselves nothing more nor less than 
physiologic forms. The ehlamydospores of the two are almost exactly alike ; 
neither produces sporidia, and the effect on the host plants is essentially the 
same. The principal difference between them is that U. nuda infects barley, 
whereas U. tritici infects wheat. It is true that there are some differences 
on culture media, but the facts brought out in this paper show clearly that 
too much significance can not be attached to these differences. If we con- 
sider ZI. nuda and V. tritici as species, there are at least several physiologic 
forms within each species. It is significant that some of the forms of 
IL tritici resemble some of V. nuda more closely than they do certain forms 


TABLE 1 . — Cultural charactcrhiics of physwlogic forms of Ustilugo niida on potato-dextrose agar 
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of U. tritici. This would seem to indicate that there probably are many 
forms and that the specialization is not necessarily restricted to wheat or 
barley. In fact, Humphrey and Tapke (3) have already shown that 
TJ, tritici can infect rye, and the writer considers it quite probable that some 
of the forms of TJ, tritici probably will be able to infect barley and vice versa. 

While the differences in forms which the writer has demonstrated are 
cultural and not pathogenic, they are very pronounced and permanent. In 
fact, the cultural' differences between forms of Z7. tritici are sometimes more 
pronounced than those between so-called TJ, tritici and J7. nuda. It has 
been shown clearly that these forms are not mere variants but are constant. 
Naturally, environmental conditions have a profound effect on the develop- 
ment of the different forms, but under the same conditions they can always 
be recognized. 

Whether these forms will be different pathogenically remains to be seen. 
It would be rather surprising if they are not. Experiments are now under 
way to determine this fact. 

University Farm, 

St. Paul, Minn. 
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PHYTOPATHOLOGICAL NOTES 

Poivdery Mildew of Miiskmelons in the Imperial Valley of California in 
1925— A large and increasing acreage of early mnskmelons (usually known 
in the West and South as cantaloupes) is grown in the Imperial Valley of 
California. For 1925 it is estimated that there were 30,000 acres, from i 
which 5,100,000 crates, or 15,000 ears, were shipped to market. The climate 
of the Valley is extremely arid, with an average annual rainfall of about 
three inches and a very high percentage of sunshine. Before 1925 there 
had been no complaint of injury to melon foliage by the numerous fungi 
and bacteria which attack the foliage in moister climates, and apparently 
no record of the occurrence of a single organism parasitic on the leaves. 

About May 10, 1925, when harvesting was just beginning, local growers 
and shippers became disturbed over the appearance of powdery mildew, 
which had apparently never before been observed on muskmelon in the Val- 
ley. At that time there were in several of the earlier fields small isolated 
spots, one to three feet in diameter, where practically all the leaves were 
dead and drooping, with leaves, petioles, and stems literally covered with 
the characteristic white to grey powdery growth of mildew. For some dis- 
tance from the spots isolated, leaves showed young, actively growing mildew. 
The disease spread rapidly, and by June 6 a high percentage of the older 
leaves in many of the earlier fields had been killed, giving to the fields a 
dead-brown appearance. Invariably there was no foliage injury and little 
or no mildew to be found until melons began to ripen, but in practically 
every field in the Valley mildew appeared at about that stage and developed 
rapidly thereafter. The first or main set of melons was not materially 
reduced in quantity, although it is probable that quality was affected, par- 
ticularly in the case of later pickings, when many of the older leaves had 
been killed. By the time the first set of fruits had been harvested the foliage 
was reduced so much that later set fruits failed to mature. The first set 
normally makes up a large percentage of the crop in Imperial Valley, and 
it is generally agreed that the reduction in yield amounted to only about 
15 per cent for the whole Valley. It is possible that reduction in quality 
was of fully as great importance, although neither data nor estimates are 
obtainable. 

Several varieties of muskmelons, including the Honey Dew and other 
members of the Casaba group, are grown in the Valley, and all were injured 
by mildew. Various fungicides in both dust and liquid form were applied 
by the county agent and by several growms, but little or no control of the 
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mildew was obtained. Failure of the |ungicides may have resulted largely 
or wholl^^ from faulty application, as the mildew was well established before 
the first applications were made and the machines were not of the most 
efficient types. Dusting with sulphur was out of the question, as either 
alone or mixed with hydrated lime it bumied the foliage so severely that it 
was more destructive than the mildew. J 

At first it seemed that the outbreak might be the result of a rather un- 
usual season, as favorable weather in March and April brought the crop to 
harvest ten days earlier than ever before, and there were several cool, cloudy 
days, rather unusual for that season of the year, at the time mildew was 
first observed. During June, however, sunny weather, high temperature, 
and low humidity in fully normal degree were the rule. Mildew spread 
rapidly from the time of its appearance until the end of the harvest in mid- 
July, with no indications of being influenced by changes in weather. It is 
probable, therefore, that the fungus was introduced in 1925. The fact that 
Imperial Valley is surrounded by mountains and desert, with specialized 
desert vegetation, would account for the absence of the fungus previous to 
this time. 

Perithecia of the fungus have not been found. Consequently it has been 
impossible definitely to classify it, although Erysiphe cichoracearuni DeC. 
usually is found on cucurbits. Failure to find perithecia raises the question 
of the ability of the parasite to live over to the next crop. In addition to 
the possibility that perithecia occur rarely, the fungus may be able to per- 
sist in vegetative form. Mildew occurred on volunteer melon plants 
throughout the summer and fall of 1925. Frosts during December and 
January usually kill all unprotected plants, but on December 30, under the 
protection of a hedgerow, volunteer plants were found with a few living 
leaves covered with mildew. Planting of the next crop began early in 
December under oiled-paper frost protectors, and on December 30 the seed- 
lings showed one or two leaves each, although no mildew was found on them. 

The probability of pow^dery mildew attacking the Imperial Valley melon 
crop in destructive form each season henceforth is strongly suggested. It 
is possible, however, that the outbreak of 1925 was of sporadic nature, re- 
sulting from some unusual factor or combination of factors, and that noth- 
ing similar will occur again for many years.^ — Ivan C. Jagger, Office of 
Vegetable and Forage Diseases, Bureau of Plant Industry, U. S. Depart- 
ment of Agriculture. 

1 In 1926 mildew appeared earlier in the season and was decidedly more destrnetive, 
reducing the yield for Imperial Valley fi*om an average of 160 crates, jjer acre to an 
average of 110 crates. 



Black End of Apple . — Observations made on two apple trees at Grady, 
Montgomery County, Alabama, August 28, 1925, showed a fairly high per- 
centage of the fruits to be affected with the malady described by Barss^ as 
' ' black end. ’ ’ This trouble, though apparently not uncommon on apples 
and pears in the hot dry sections of Oregon and Washington, impressed the 
writer as being rather unusual ^n the Southern States. 

The malady is characterized, as shown in figure 1, by a very black dis- 
coloration of the skin surrounding the calyx of the fruit. The affected 
region is circular and measures about 2.5 cm. in diameter. There is a defi- 
nite margin separating the blackened region from the healthy skin, and the 
affected area is usually slightly depressed. The flesh 'is involved only to a 
very slight extent, but the affected skin and tissue immediately beneath 
become dry and leathery. As subsequent growth of the fruit occurs, a 
crack is formed along the margin of the affected area, separating the nor- 
mal from the abnormal tissue. 

Upon first inspection one is liable to confuse black end with arsenical 
spray injury, due to the similarity of the two disorders. This did not occur 
in the case under consideration because no spray had been applied. The 


trouble seemed to be unquestionably the result of the hot dry season, the 
drought being the most severe in many years. Records show that there was 
very little rainfall in the locality from February to October. Light rains 
fell April 4, June 16 and July 18. From this date until October there was 


1 Barss, H. P. Pliysiological disorders of developing fruits. Third Crop Pest and 
Hort, Kept. Ore. Agr. Col. Exp. Sta., 1915-1920. Pp. 159-166. 1921. 
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Fig. 1. — A typical case of black end on an apple, x 1. 
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no appreciable rainfall. The soil in the orchard was red clay. This no 
doubt made the drought injury more severe.— S. A. Wingard, Virginia 
Agricultural Experiment Station, Blacksburg, Va. 

Crown Wari of Alfalfa in the Sonth . — In a recent number of Phyto- 
pathology (Vol. 15, p. 807) the writer reported having found the crown 
wart of alfalfa near Madison, Indiana. This was thought to be the first 
report of the occurrence of this disease east of the Rocky Mountains. Pur- 
ther evidence of the distribution of the disease in Eastern United States 
was obtained in May, 1926, w^hile inspecting alfalfa fields in Mississippi and 
Alabama. The disease was found in two fields near Muldoii and in two 
fields near Columbus, Mississippi. Later the disease was found both at 
Uniontown and at Selma, Alabama, Altogether it was found in seven dif- 
ferent fields. It is probable that further search would have revealed its 
presence in still other fields. In most cases a very high percentage of the 
plants were affected. In many cases' the diseased buds either failed to 
produce steins, or the stems were stunted and sometimes died after they 
were partly grown. However, in most of the fields the plants were suf- 
ficiently thick so that the loss of even a considerable number of stems would 
not ordinarily be noticed. There was little indication that entire plants 
were dying, although it was observed that portions of the crowns of some 
plants apparently w^ere killed by the disease. 

Two fields at Uniontown, Alabama, about a mile apart, which were sown 
at the same time with the same seed had a high percentage of the affected 
plants. Another field sown at a different date and with other seed and 
separated from one of the two diseased fields only by a small drainage ditch 
was apparently free of disease. This points to the possibility that the dis- 
ease was seedborne. Although the seed dealer is known, no positive proof 
as to- the source of the seed could be obtained. — J. L. Weimer, Office of 
Vegetable and Forage Diseases, Bureau of Plant Industry, U. S. Depart- 
ment of Agriculture, in cooperation with the Kansas Agricultural Experi- 
ment Station. 
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